
�

�������	����
�����������

������� ����� �!"��#%$'&)(*#�+,&)-/.102�35476*686

9;:�<>=@?A:CBEDGFIH�JKH%JMLON�PQ=@RS?�=T=@?AU

VW<>=@XZY[L]\^=@UT<_B�`%=@<_LS\�P*abUTLSc
d/9,egfih jkHmlkUT<_\�nS?oUop V Hqd/?or�n)<_\�s%putvH�9;XqUT?�=wp
xyHqjz`�\qr@nS?]p 9{H�F/<_R]\%a|?o}_<_ro?]p emHqJM?AUTB'p FiH�JKH�J1LONmPQ=�R]?�=T=@?oUAp
~KH%J1`�UT:�?A}�BqUT<_\zn�p5V H�t�UT<_?o\�PAp YMH�x�LS\E=@RSszp jkH�e)=�`�}_}�?Sp
9{Hg�;LSs]?A}2p xyH%V�?oU�\�?oUop �KH%�/<_R]L%p
Y[9;�{�Kh JKH�lk`qUTn)X�RSUT:%=�pujkHmezr�X�cv<_:%=�p ��H���LSc��RSPop
l;�M�;h V H�j�<�P�r@X�?AU

�1LA��?AcKB�?oU����S�S�



�

�������	��
���

����������
'����������������� �"!��	#$�"%'&)(+*'���",�!-&.#	&)%.�/,10.2 � �����43����/��56� ,10.��(7�8!�0'�����/0.�9&73:,��"�+,;#"#$%.�<#
!9=��/�.�>��%.5?,10.!@#A,��A(B%.*.2��C��&)�B*.�"!9D/�9���E� 0'&F3:,1�/�G���1!@#A�+,�0-H@�9#A�/,�2I� �",�!�0J#K!9=��"�.�+*��/!��"!�0G�/,10.2.L
�����M��%.5?,10.!@#A,��A(?%.*�2����N&)�?3O��#7� �1�/�9�N&)(P�90Q,�5?*'!N�/���90)�E#$%�R-D/�9����#7&)%��/,�0�2S�"�.�B��������������� �"!��
#A�/%'&-,��9#�!9=��T�<����5BRU��� ��V�VNWPXYV9Z � 0'&[&)%.�/,10.2M�/���\(@�<� � ��VNV�VPX � Z L

]^�_,;#`*.�a� 0.0��9&+�/!7�/�<&)%'�����/�.�:�.!N�/,1b�!�0-���9�.�����<���/�"!�0+��5?,��"��� 0J���`=c�/!N5d�"�.�e��%.�"�/��0-�`f ��g 0.5
�"! �N��g 0.5h&)%��/,�0�2i�"�.�+�1%.5?,�0�!@#$,1�A(i%.*�2����N&)�MR-(?,�0'�8�/�9�N#$,�0�2i�"�.�;
ejk=c�"�9lm%���0'��(BR)([�9RU!N%.�
n ���@�Tb?�90'&PR)([%'#$,10.2P�1� �No !N*.�/,a��#�LMpq�.,1���M�/���M��%.5?,10.!@#A,��A(6,�0G#A%'�r�s� 0G!�*��/,;��#t3O��#4,�0�,vu
�",;�9����(w�/!@![#$56�9���yx.��%.5?,10.!@#A,��A(w#/���90'#T,�0J&),;���9�/�9&6�/�'�9�7�i�"!@!S�a� �"2��MH@���"�/,;��� �z�����9���"�/!N0FR'�9� 5
#A,�b��w��,�5w,��/�<&{�"�.�F�1%.5?,�0�!@#$,1�A(@LK�T�<��!�%.*���,�0�2PR)(|�PH@���/�",;���9�:���1!@#$�<&k!N�/R.,1�iR�%.5?*Q�"�.�/!N%.2��
#A��}-�/%.*'!��1�9#e� 0'&G�i5?,10.,�5?,~b9�9�/,1!�0?!9=��"�.�MH@���"�/,;��� �_&),a#$*'����#A,�!N0P�/�.��0[���9�N&F�/!?,15?*.�"! H@�<&i��%)u
5w,�0.!I#$,��A(w#/���90'#e� 0'&F�"!?�?#"� �",;#�=y�N���/!N�/([��%.5?,10.!@#A,��A(+=c!��e�/���,� �No !�*.�",;��#8LT��!B�9#$�",�56�9�/�7�/�.�
�8�z�<����!9=��"�.�7,�0'���"�9��#A�9&iR'�9�95,�@R'�9�95�=c!N�����9#�!N06�/�.�7���1�9���/�"!�0?R'�9�95��<=c�"�����"�.�7��%.5w,�0.!I#$,��A(
%�*.2��C��&)�@xO#$��H@���C� ��!�*.�",;��#M3:,��"� � ��o &-��2��"���9#M*.�'��#A�P�N&)HN� 0'���[*'���Bj�� �\�h�8������R.%.�M3:,��"�
&-,v�����/��0)�:R'���C��=c%.0J���/,1!�0'#e� �e�/�.�>,�0-�/���C�����",�!N0S*'!N,�0-��#:3����"�\%J#$�9&6�/!?�9#A���9R.��,a#$�6��%.5w,�0.!I#$,��A(@L
]^���/%.�"0.�9&i!N%.�:�/�'�9�T�"�.�4R'�9�95,�@R'�9�95�=c!N�����7#A�.!�%��;&S0�!��e&),15?,�0.,a#$�M�"�.�7��%.5?,10.!@#A,��A(\=c!N�:�/�.�
�1%.5?,10.!@#A,��A(M%.*.2N����&-�M*'� �C� 5?���"����#8L�pq�.,1���7,�0'�8�/�9�N#$,�0�2i�"�.�7��%.5?,10.!@#A,��A(BR)(6�/���\5w��0)�",�!N0.�9&
��5?,��"��� 0J�����/�9&)%J���/,1!�0B#/���.��5w�9#�x9�/�.�:�����9���"�/!N0MRU�<� 5d*'!N�;� �",�b9�9�/,1!�0w#$�.!N%.�;&i0�!���R'�:�/�9&)%J���9&zL
�������/��=c!N�/�>�/�.�B���'� 0�2��M! =�*'!��a� �",�b9�9�/,�!N0P3:,��"�G� 0�
ejq#$�.,~=c�43:�N#T,�0-H@�9#$�",�2I� �/�<&F� 0J&P�?#$*.,10
5�� �����.�9&;� � o !�*��/,;��#�3O��#�%'#$�9&M�/!�#$�"!��/�E�4*'!��;�9�/,1b��9&MRU�<� 5�3:,��"�i%�*i�"!M���@��*'!��;�9�/,1b9� �",�!�0�L

���.�7,10)�"�����N���/,1!�0?�C� �/�<#�,�0?�"�.�8����
� �m��3:,��"�9#:#$�"�/!�0�2���(�&)��*'��0'&.#�!N0F�"�.�4*'!@#A,��/,1!�0[! =
�"�.�M3:,��"�9#�L>]^0P!��C&)���4�"!S�"�9&)%'�8�+�/��,;#7#$��0J#$,��",�H-,��A(@x.,1�43:�N#t,10)H@�<#$�/,12@�9�/�9&?3:�.���"�.���7�/���M��� ,1�;#
!9=e�/�.�w*.�/!N�/!�0�R'�9�95���!N%.�;&GRU�w*U!N*.%.�a� �/�<&k3:,1�/�.!N%.�M�F�"�9&)%'�8�/,�!N0�!9=e�/�.�w��%.5?,10.!@#A,��A(FR-(
�9*.*.�1(),10.2P�/%.0��S5w!-&)%.�;�9�/,1!�0'#7�/! ����
� �I*�LQj.!N�M�/�.�?�'�C#$�B�/,�5w�?�F�"��� 0J#$H@���C#$�6R.%.0'���.�9&
R'�9�95d�9���.!73:�N#�&)���/�<���/�9&>� � ����
'�Ku^*MR-(M5?�9�N#$%.�"��5?��0@�C#z! =��/�.�e��!N0.2�,1�/%'&),10'� ��!@#/�8,����a� �",�!�0
�95?*.�1,��/%J&)�:�90'&i! =_R�%.0'���?����0�2��/�B!@#"��,��1�;�9�/,�!N0'#�,�0?�"�.�e*.�/!N�/!�0wRU�<� 5PL	���.�T=c!��1��!93:,�0�2\!N�/�.���
#A�/%'&-,��9#�3:,��/� ����
� �I*?3����/�e*U���$=c!��"5?�9&M,�06�>��!��1�;�9RU!N���9�/,�!N063:,��/�[� �q
e�+�����.�7&)(-0'� 5w,;�
�9*'���/�"%.�/�E� 0'&B�/�.�E&)���"%.0.,�0�2\!9=��"�.�T*��/!��"!�0?�",�0.273O��#�,10)H@�<#$�/,12@�9�/�9&M#A,�0'���e#A%'���?�45?�9�N#$%.�"��u
5w��0)�O��� 0P(-,����;&SHN�9��%'�9R.���>,�0'#A,�2��-�T=c!N�4�/�.�B�]�\�eL�]^0P�?�"�9� �1,;#$�",;�7��������������� �"!��E#$(-0'���.�/!N�/�/!N0
�C��&),a� �",�!�0k� �+�1!93�=c�/�<lm%.��0'��,��<#T,;#>#$%.*.*��/�9#"#$�9&Q&-%.�?�/!�#$�.,1���;&-,�0.26R-(P�/�.�BR'�9� 5�*.,�*'�@L[��!
#A�/%'&-(S�"�.,;#e#$��,����a&),�0.2M�8�z�<����x'�/�.�7��0����/2N(S�1!@#"#T! =��B��!93���0.���/2N���/,a�7��!@�N#$�/,10.2?*.�"!��"!�0PR'�9� 5
3O��#�5?�<��#$%��/�9&zL



��������������	 n


���B����i���

� ������������� �"!$#&%����'��#)(*����+,�.-0/2143657(�89!:%�#)��!;�=< >
� L � �'%.5w,�0.!I#$,��A(M=c!��'�T,~�����/��0-�e�����C�MjJ%�0'���/,1!�0'#�=c!N�e��� o �e*.�/,a��# L7L7L+L7L>L\L>L �
� L � �'%.5w,�0.!I#$,��A(B3:,��"�{�e0.�>�90'&F��3�!B]�0-�/�������8�/,�!N0.?`!�,10)�C# L+L7L+L7L7L+L7L>L\L>L �
� L n �'%.5w,�0.!I#$,��A(B3:,��"�1�e,v�����/��0)�A@�BC =c!��7� � o7�T*��/,;��# L7L+L7L+L7L+L7L7L+L7L>L\L>L �
� L f �'%.5w,�0.!I#$,��A(M=c!��'�T,~�����/��0-�D?��/!N�/!�0���%.0'���F��%.�"�/��0-��#PL7L+L7L+L7L7L+L7L>L\L>L W

E 57(�89!:%�#)��!;�=<GFIHJ�'%��LKM#)�4� ��� o �'%�NO� � ��o �QP*�"!$HJ� �'E
� L � �'%.5w,�0.!I#$,��A({�-���90'#�=c!��E���9� 5��@,�b�� �T���/���/5?,10'� �",�!�0 L7L+L7L+L7L7L+L7L>L\L>L ���
� L � ]^0 R'%���0'���4!9=��/���+���<� 5,�m���9� 5 j.!��C��� L\L7L>L\L>L7L+L7L+L7L+L7L7L+L7L>L\L>L � f
� L n �'%.5w,�0.!I#$,��A({�-���90�=c!N�T�"�.�>��� o �e*.�/,a��#�L\L7L>L\L>L7L+L7L+L7L+L7L7L+L7L>L\L>L � �
� L f �'%.5w,�0.!I#$,��A({�-���90�=c!N�T�"�.�;� �No �e*.�/,a��#�L\L7L>L\L>L7L+L7L+L7L+L7L7L+L7L>L\L>L � �
� L � �@,1b��4!9=��/�.�S?��.!N�/!�0��@*'!��e,�06�/����'%�5?,�0.!I#$,1�$( �T���"�9���"!���# L+L7L7L+L7L>L\L>L ��n

T 57(�89!:%�#)��!;�=<GFIHJ�'%��LKM#)�4� � �No ��PU�"!$HJ� E)>
n L � ]^5?*.�"!9H@�9&��'%�5?,�0.!I#$,1�$( �m��� 0'# L7L+L7L>L\L7L>L\L>L7L+L7L+L7L+L7L7L+L7L>L\L>L � �
n L � ��3�!S�'%.5w,�0.!I#$,��A( �-��� 0'#�=c!��e�/�.�8� � ]^0-�/���C�����",�!N0V?`!�,10)� L7L+L7L7L+L7L>L\L>L � �
n L n �'%.5w,�0.!I#$,��A({�-���90�=c!N�T�"�.��W]��X �w]�0-�/�������8�/,�!N0V?`!N,�0-�?L7L+L7L+L7L7L+L7L>L\L>L ��V
n L f �@,1b��4!9=��/�.�S?��.!N�/!�0��@*'!��e,�06�/����'%�5?,�0.!I#$,1�$( �T���"�9���"!���# L+L7L7L+L7L>L\L>L nA�

Y Z[� �\��(,�"��89� %)��# K������'8 ]D#&^$�'�"!$_J� �"!$#&%`!:%`�ba)E odc a)E o #)PU�"!:HJ� T)T
f.L � ]^0-�/�/!-&-%'���/,1!�0 L\L>L7L\L>L7L+L7L+L7L+L7L>L\L7L>L\L>L7L+L7L+L7L+L7L7L+L7L>L\L>L n�n
f.L � e ��(?5?�<��#$%��/��5?��0)�C# L>L7L+L7L+L7L+L7L>L\L7L>L\L>L7L+L7L+L7L+L7L7L+L7L>L\L>L n f
f.L n �T%�2�%'#A�T5?�<��#$%��/��5?��0@��# L+L7L+L7L+L7L>L\L7L>L\L>L7L+L7L+L7L+L7L7L+L7L>L\L>L n �
f.L f ��!N0'����%J#$,�!N0'#�L\L>L7L\L>L7L+L7L+L7L+L7L>L\L7L>L\L>L7L+L7L+L7L+L7L7L+L7L>L\L>L n �

> f����'8 57!gKM�J�"!:89���h� �"��(���1jilkm#&^;�"� nh�o� �j-0/p143�q=� Tra

s FI!:8t(,^;�"�'%���#&(��Quv^:#)���'^w�Q�x��!;�4�'%�NOyV!:�zP{���"��!$#&%}|S#)�"�"� H~�"!$#)% Y)�
�)L � ��!N�/�/�<���/,1!�0 e ���/��!-& L>L7L+L7L+L7L+L7L>L\L7L>L\L>L7L+L7L+L7L+L7L7L+L7L>L\L>Ldf��
�)L � e �9�N#$%.�"��5?��0-��! = �e,;#$*'���C#$,1!�0[j.%.0'���",�!�0 L7L>L\L>L7L+L7L+L7L+L7L7L+L7L>L\L>Ldf��
�)L n ��!N�/�/�<���/,1!�06! =��"�.�8�T,;#A*'����#A,�!�0[�90'&{�e�/R�,���L>L\L>L7L+L7L+L7L+L7L7L+L7L>L\L>Ldf �

a ���"��!���/��A��H~��# Km��Z[!$���'^$!�nh%�� N`Z���nr%��J��uv!:�"N�� � Y)s
�@L � ]^0-�/�/!-&-%'���/,1!�0 L\L>L7L\L>L7L+L7L+L7L+L7L>L\L7L>L\L>L7L+L7L+L7L+L7L7L+L7L>L\L>Ldf@�
�@L � e �9�N#$%.�"��5?��0-��#?L>L7L\L>L7L+L7L+L7L+L7L>L\L7L>L\L>L7L+L7L+L7L+L7L7L+L7L>L\L>Ldf W
�@L n �T0J� ��(�#$,a#�L7L>L\L>L7L\L>L7L+L7L+L7L+L7L>L\L7L>L\L>L7L+L7L+L7L+L7L7L+L7L>L\L>Ldf V

� Z[� �\��(,�"��89� %)��# K2��+,�.f�� �'8 1j� ��P�#)%����0Z[� �"�"!;�9# K�-./2143�q�� >h�
W L � �',10.�9� �e�8��!@#A�9&?!��"R.,��:�'�/�",�0.2 L+L7L+L7L>L\L7L>L\L>L7L+L7L+L7L+L7L7L+L7L>L\L>L�� �
W L � e �9�N#$%.�"�9&?�/�C� 0'#A*U!N�/�45�� �/�",�}��������O� 0'&V�0���ML\L>L7L+L7L+L7L+L7L7L+L7L>L\L>L�� �

� Fh<��d�"��8G���"!:H��7(�%��oZ�#UN�(�^:� ��!:#)%}iU�"���U(,��%�H~<}FUHJ�\%,� >\s
V L � ]^0-�/�/!-&-%'���/,1!�0 L\L>L7L\L>L7L+L7L+L7L+L7L>L\L7L>L\L>L7L+L7L+L7L+L7L7L+L7L>L\L>L����
V L � ��}-*U���/,�5w��0)�C#ML\L>L7L\L>L7L+L7L+L7L+L7L>L\L7L>L\L>L7L+L7L+L7L+L7L7L+L7L>L\L>L����
V L n ��!N0'����%J#$,�!N0QL>L\L>L7L\L>L7L+L7L+L7L+L7L>L\L7L>L\L>L7L+L7L+L7L+L7L7L+L7L>L\L>L����



f ��������������	

V LYf �E���-0.!93:���9&-2�5?��0-��#BL7L+L7L+L7L+L7L>L\L7L>L\L>L7L+L7L+L7L+L7L7L+L7L>L\L>L7L+L�� �
���of�(�%,H"+�� NOf����'8 /2H"+�#U� ��!$%}-./2143�q�P srE

� �)L � ]^0-�/�"!-&)%'���",�!�0 L7L\L>L7L+L7L+L7L+L7L>L\L7L>L\L>L7L+L7L+L7L+L7L7L+L7L>L\L>L7L+L�� �
� �)L � 
ej��4,;���4?��/!-&-%'���/,1!�0 L7L+L7L+L7L>L\L7L>L\L>L7L+L7L+L7L+L7L7L+L7L>L\L>L7L+L�� n

� �)L � L � � ��e �Tb7
ej ub�@(�#$�/��5�L+L7L>L\L7L>L\L>L7L+L7L+L7L+L7L7L+L7L>L\L>L7L+L�� n
� �)L � L � � � W�e �eb*
ej ub�@(�#$�/��5 L7L>L\L7L>L\L>L7L+L7L+L7L+L7L7L+L7L>L\L>L7L+L��N�

� �)L nOe �<��#$%��/��5?��0)��! =����9� 5 ?��/!�*'���"�/,1�9# L7L>L\L>L7L+L7L+L7L+L7L7L+L7L>L\L>L7L+L����
� �)L n L � �@,10.2��1�+��%�0'�r�v?��J��#$��� 0'&P�'��0.2N�/� L>L7L+L7L+L7L+L7L7L+L7L>L\L>L7L+L����
� �)L n L � ��,�5w,�0.2wL\L>L7L+L7L+L7L+L7L>L\L7L>L\L>L7L+L7L+L7L+L7L7L+L7L>L\L>L7L+L�� W
� �)L n L n ���/�"!���#:! = e �9��#A%.�/�9&1�@,12�0'�9�;#+L7L>L\L>L7L+L7L+L7L+L7L7L+L7L>L\L>L7L+L�� V

� �)LYf �eR'#A���/H@�<&?���9� 5 �����.!@�9#BL+L7L+L7L>L\L7L>L\L>L7L+L7L+L7L+L7L7L+L7L>L\L>L7L+L�� V
� �)L �qj_,���#A�'�T0'�9��(�#$,;#|L\L>L7L+L7L+L7L+L7L>L\L7L>L\L>L7L+L7L+L7L+L7L7L+L7L>L\L>L7L+L � n

� �)L �)L � ��� 0J&.� %��4�95?*.,10.2 L7L+L7L>L\L7L>L\L>L7L+L7L+L7L+L7L7L+L7L>L\L>L7L+L � n
� �)L �)L � ���r��! �@�/�"��0.2��"�F!9H@��������L>L\L7L>L\L>L7L+L7L+L7L+L7L7L+L7L>L\L>L7L+L ��f
� �)L �)L n ���r��! �@�/�"��0.2��"�F!9H@���m
Tj��T!N,;#$� L\L>L7L+L7L+L7L+L7L7L+L7L>L\L>L7L+L �@�

� �)L ����!N0'���1%'#$,1!�0QL>L7L\L>L7L+L7L+L7L+L7L>L\L7L>L\L>L7L+L7L+L7L+L7L7L+L7L>L\L>L7L+L � W
�)�VZ[(�^��"!Af�(,%�H"+ ����HJ!$^:^$� �"!$#)%,�S� �jy�!;�A� �"��%&�Li�!:^$^7]D� ���"���"%,��# K�-./2143�	IP a\�

�@� L � �I%.*.*.�1(),10.2[�T,v�����"��0-�:j`,1���U?	� �/�"���/0J# L7L>L\L>L7L+L7L+L7L+L7L7L+L7L>L\L>L7L+L � V
�@� L � ?_���$=c!N�/5?�9& e �9�N#$%.�"��5?��0-� L7L+L7L>L\L7L>L\L>L7L+L7L+L7L+L7L7L+L7L>L\L>L7L+L W �
�@� L n 
:�9#A%.���C#\L>L\L>L7L\L>L7L+L7L+L7L+L7L>L\L7L>L\L>L7L+L7L+L7L+L7L7L+L7L>L\L>L7L+L Wo�

�'E.y4<�%��'89!:H43jP{�����"(��x�V�'%�NO14����#)%,�\%&�j�7���x89�S� �4-./2143�	IP �)T
��� L � ]^0-�/�"!-&)%'���",�!�0 L7L\L>L7L+L7L+L7L+L7L>L\L7L>L\L>L7L+L7L+L7L+L7L7L+L7L>L\L>L7L+L WNn

��� L � L � ?��9�/�/,a��,�*J� 0-��#�,�06�"�.�7��})*'���",�5?��0)�EL\L>L7L+L7L+L7L+L7L7L+L7L>L\L>L7L+L W f
��� L � � �q
'� �I*1��}-*'���/,15?��0-�?L7L+L7L+L7L>L\L7L>L\L>L7L+L7L+L7L+L7L7L+L7L>L\L>L7L+L W f
��� L n 
:�9�9��,;#A�/,a�T5?!-&)����! = ����
���@* L7L>L\L7L>L\L>L7L+L7L+L7L+L7L7L+L7L>L\L>L7L+L WNV

��� L n L � @E�@R'�9� �",�0.2 L7L+L7L+L7L+L7L>L\L7L>L\L>L7L+L7L+L7L+L7L7L+L7L>L\L>L7L+L WNV
��� L n L � �T���"%.0.,10.2 L7L+L7L+L7L+L7L>L\L7L>L\L>L7L+L7L+L7L+L7L7L+L7L>L\L>L7L+L Vo�

��� LYfC�e,;#/�8%'#/#A,�!�0[! =	�/�9#A%.���C# L7L+L7L+L7L>L\L7L>L\L>L7L+L7L+L7L+L7L7L+L7L>L\L>L7L+L VNn
��� L f.L � �T(-0'� 5w,;�4�9*U���/�/%��/�>#$�"%'&)( L\L7L>L\L>L7L+L7L+L7L+L7L7L+L7L>L\L>L7L+L VNn
��� L f.L � 
:�9#$!N0'� 0-�T�"���/5�#�L+L7L+L7L>L\L7L>L\L>L7L+L7L+L7L+L7L7L+L7L>L\L>L7L+L V �

��� L ����!N0'���1%'#$,1!�0QL>L7L\L>L7L+L7L+L7L+L7L>L\L7L>L\L>L7L+L7L+L7L+L7L7L+L7L>L\L>L7L+L V �

��To/2%�����n)<95A#)����Z[���'��(��"� 89��%&�����4-./2143�q�P �ra
��n L � ]^0-�/�"!-&)%'���",�!�0 L7L\L>L7L+L7L+L7L+L7L>L\L7L>L\L>L7L+L7L+L7L+L7L7L+L7L>L\L>L7L+L V �
��n L � �m�r�.!N�/�
�)(1�I,�2�0J� �)�T���"�9���",�!�0 L+L7L>L\L7L>L\L>L7L+L7L+L7L+L7L7L+L7L>L\L>L7L+L V �
��n L n ���<� 5 ?��"��*'�9��� �",�!N0PL7L+L7L+L7L+L7L>L\L7L>L\L>L7L+L7L+L7L+L7L7L+L7L>L\L>L7L+L VNW
��n LYfC
:��H@!N��%.�",�!�0�jJ�"�9l@%.��0'��( e �9�N#$%.�"��5?��0-�?L>L\L>L7L+L7L+L7L+L7L7L+L7L>L\L>L7L+L VNW
��n L � �e,�*'!��1�+j_,����a& e �9��#A%.�/��5?��0-� L+L7L>L\L7L>L\L>L7L+L7L+L7L+L7L7L+L7L>L\L>L7L+L VNW
��n L �q���<� 5���0����/2N({�'!I#/# L+L7L+L7L+L7L>L\L7L>L\L>L7L+L7L+L7L+L7L7L+L7L>L\L>L7L+L VNV
��n L �q��!N0'���1%'#$,1!�0QL>L7L\L>L7L+L7L+L7L+L7L>L\L7L>L\L>L7L+L7L+L7L+L7L7L+L7L>L\L>L7L+L � ���



�

� � ���*�4���+
\���z��P� 
+� ���6� ���.� � 	�
 � ���� �".�i���8���

B^DGFiH�JKH�J1LONmPQ=�R]?�=T=@?oUAp%d/9,e)f J1R]cKB�`�U�s

�4�9�/�@� ��V�VNV xE�T�<��L � �@x n *.5 �"! �e�9��L ��W x � �95PxF�'!�2NRU!@! ���������t]rx@*�L����Q�-���
�4�9�/�@� ��V�VNV xE�T�<��L ��W xE�9� 5 �"! �e�9��L ��W x ��� *.5Px$�'!N2�R'!@! ���������t]rx@*�L �T�Q��� n
�4�9�/�@� � ���@�)xE�T%�2.L no� x����95��"! �e%.2.L nA� x n *�5Px��'!�2NRU!@! ���+���Mx-*�L'���Q�-� W

]^0��/���S�1%.5?,10.!@#A,��A(P%.*.2N����&-�F*.�"!9D/�9���+=c!N�[����
�+x_�/�.�6R'���C��=c%.0J���/,1!�0'#
!9=eR'!��/�sRU�<� 56#43:,��1��RU�w�/�9&)%J���9&P� 0J&k�"�.�w��%.�/�"��0-��#7� �"�?*.�;�90.�9&P�/![RU�
,10'���"�9��#A�9&zL������9#$�>5?�9��#A%.�/�<#�3:,��1�z,10'���/�<��#$�E�/�.�7R'�9� 5[�@R'�9� 5 �/%.0.�>#A�.,v=c�
*J� ���95?���"����#U=c�"!�5 ������� ��� C =c�/!�5	�-L � ����� �)L � n �/!7�-L � n f � �)L �N� �>X � x �9Z L	� !
�J0'&S!N%.�43:�.���"�.���e�i�1%.5?,10.!@#A,��A(M�/�9&-%'���/,1!�0�&)%.�+�"!i�"�.�+,10'���"�9��#A�9&?�/%.0.�
#A�.,v=c�B�'�N#i�/!QR'�[��})*'�9�8�/�9&zx�#$��H@�����9�T��}-*'���/,15?��0-��#43����/�F*'���A=c!��"5?�9&Q�/!
�"�9#$�e3:�.���"�.���:�"�.�+�1%.5?,�0�!@#$,1�A(B� �7����
'� � #:�8%.�/�"��0)�:*J� ���95?���"����#:#A%)������#
=c�"!�5��/�.�6R'�9�95,�@R'�9�95 =c!N�����?!N0��"�.�?���1�9���/�"!�0'#8LP��!�,10)H@�9#A�/,12@� �"�i�"�.,;#8x
�"�.�FR'�9�95,�@R'�9�95��/%�0.�P#A�.,v=c�B3:�N#HN� �",��9&�R)(k�r�.!@!I#$,10.2�&),~�z���/��0-�MR'�����
=c%�0'���/,1!�0'#`=c!N�:�+�@� o !N*.�/,a��#�x@R-(M�/%.0.0�,�0.2>3:,��/�B!�0��4!���3:,��"�?�A3�!7,�0-�/��������u
�",�!N0i*'!�,10)�C#�x-� 0J&R-(M��!N���1,;&),10.24*'!@#A,��/�"!�0?R�%.0'���.�9#`3:,1�/�B&),~�z���/��0-��*.�"!��/!N0
R�%.0'������%.�"�/��0-��#8L��e!�0.�?!9=4�"�.�?*.�"�9#$��0)�"�9&�5?�9�N#$%.�"��5?��0-��#e�9#$�C� R.�1,;#$���9#
�"�'� �:�"�.�7#A*U�<��,v���e��%.5?,10.!@#A,��A(+,10M����
��,a#���%��/�/��0)�"��(M�/�<#$�/�",;���"�9&MR)(B�/�.�
R'�9�95,�@R'�9�95 =c!��C���7!�06�/���\�����9���"�/!N0'#�L
�I,�0'���[�/�.�[,�0'�8�/�9�N#$�9&�H@���/�",;���9���/%�0.�G#$�.,~=c��#B&),;&�0.!���#$����5 �"!Q,�0'�8�/�9�N#$�
�"�.�4���1�9���"�/!�0M��5?,��"��� 0J���9#�&)%��/,�0�2+�/���7�����8�������C� �"!���#$�"%'&),��<#�,�0 �T�9����5BR'���
��V�VNV x`0���3 #$�/%J&),��9#e3����"�M*U���$=c!��"5?�9&6,�0��T%.2N%'#$� � �����?3:�.���/�M�/���M�/%.0.�
#A�.,v=c�B3:�N#?,�0'���"�9��#A�9&�&-��� 5�� �/,a��� �1��(P=c!��6�I� ��o !�*.�",;��#M,�0q!N��&)���?�/!�#A���
3:����0P�/�.�M��5?,��"��� 0J���9#:#$�C� �"�\�"![#$%)������L �@,10'���M�"�.�M*.�/!N�/!N0Q��%��/�/��0)�E��� 0
0�!��+�<��#$,1��(PR'�?,10'���/�<��#$�<&��90'&Q�/�.�B*.�/!N�/!N0 R'���C�S=c%.0'���",�!N0'#7��� 0Q�J� ��&-��(
R'��&)�9���"�9��#A�9&zx�3��P���.!I#$�6�/!G,�0'�8�/�9�N#$�6�/�.�[R'�9� 5,�IR'�9� 5 �/%�0.�[#$�.,~=c�i!9=
�"�.�4���1�9���"�/!�0J#�R-(B,�0'���"�9��#A,�0.27�"�.�4R'�����\=c%�0'���/,1!�0'#�! =_�"�.�4���1�9���/�"!�0'#`=c�"!�5
�-L �75 %�*F�/!MfB5PL

!#"$! %�&�')($*,+.-/(1032546+�798:(1;=<>7?<�*�0A@B<>0/CED�&�*,FG0H(I+J*,-K46+�79L �GMNPO 0H(IF>-
]^0?!N��&)���:�"!+�'0'&?!�%��:3:�.���/�����:�/�.�RQTSFR'�9�95�#$%-�z����#�=c�/!N5��+�/!@!M�a� �"2��7R'�9� 5,�IR'�9� 5 �"%.0.�
#A�.,v=c��x`��%�5?,�0.!I#$,1�$([3:�N#+�9#$�C� R.�1,;#$���9&{=c!��B&-,v�����/��0)�=QUS�R'�����S=c%.0J���/,1!�0'#8L��_� R���� � L � #$��! 3e#
�"�.�7#$*'�9�8,v���T�1%.5?,10.!@#A,��A( VXW�Y[Z?\] !�R.�C� ,10.�9&6� �2W]��X �M3:����06�/�.�4R'�9�956#�3����/�E0.!��:R.�"!�%.2N�)�
,10)�"!+�8!����1,;#A,�!�0B,�0w�/�.�7� � ��})*'���",�5?��0-��L����.�4��%�5?,�0.!I#$,1�$(>3:�N#��/�<��!��C&)�9&=c!N���/���/��� ����
�:u^�
!N*.�/,a��#�3:,��"�P��� o *.�'�N#$����&)HN� 0J���+*'���Ej�� �\� �����1�^x)�<�����S�J�<H-,�0�2B&),v�����"��0)�:R'���C��=c%�0'���/,1!�0'#
�9���/�.��,�0-�/���C�����",�!N0+*'!�,10)��L����.�:*.�"!��"!�0B��5?,��"���90'���9#z3����/��!�R.�C� ,�0��9&+3:,��"�+�/���:3:,��/�O#/���90.0.���
�"!iR'�+f @_^>`1a�cb ��W 5?5 5w����&6�90'&Sf @_^>`1a C b ��n 5?5 5?���N&S�90'&S�"�.�7*.�/!N�/!N0G��%.�/�"��0-�:3:��#
�<�S5{�+L����.�?0�!�5?,10'� ��R'���C��=c%.0J���/,1!�0'#7! = ����
'�Ku^*G3����/��@da�eb �?5��90'&�@>aC b �gf �S5�L
���.��#$*'�9��,~����1%.5?,10.!@#A,��A(6,�0G�/�.�?!N*.�/,a��#\3:,1�/�t@ B�hb � f �65 ,;#>#/���9���9&P�/![�/�.�?!N�/�.���+R'�����



� � ����	\�������2�
	 ���2	���� ����O�
�2���2��������
��	�����	�	 ���

@ B� @ BC V W�Y[Z?\] V ]�� @ B��� @ BC�� ��� B� ��� BC�)L V 5 �)L � 5 � f � ��� � �"! � f � � ��� � �"! u �)L � � �N� u �)L � nA�@�
� L � 5 �)L ��5 � f � W#��� � �"! �gf ��� ��� � �"! u �)L � ����W u �)L � n � n
� L � 5 �)L V 5 � f ��W#��� � �"! fHf W f ��� � �"! u �)L � � � V u �)L � f@���

$&%('*),+�-/.0-�132�46587:9<;�=:>6?A@B=DC"EGFH?JI
K<=ML�5NI"5N>AC�O<5�CQPRFS9<>6T�CU=V?6>6@WP�C
CQ465�=:>XCB5NIBP�T�CU=V?6>ZY<?X=[>XCN\
=c%�0'���/,1!�0'#�R-(

V ]]� @ B� � @ BC � b V W Y[Z?\] � � f �~� � �gf �"� �
^ @ a� ` a �`_ ` B� � f � �
^ @ a� ` a ��_ ` B� @ B�

a @ aC ` a C _ ` BC � f �"�a @ aC ` a C _ ` BC @ BC
f � � L � �

����,;#+#"��� �1,�0.2P,a#\��}-*'�9���"�9&{3:����0��/�.�6���'�90.2��6! =E�/���hQUS R'�9� 5 #$,�b��?,;#7!�0.�1(Q&)%��S�"!P�/�.�
���'�90.2���! =��"�.��RU�����K=c%.0J���/,1!�0>� 0'&+0�!��	&)%.���"!4�:R.�1! 3:%�*+! =J�/�.����5?,��"���90'���9#8Lz���.����}-*U�<���/�9&
�1%.5?,10.!@#A,��/,1�9#'� �"���"�9��!N��&)�9&4,10\�C� R.�1� � L � =c!��_�/����0�!�5?,10'� �N�.!��",�b�!N0)�C� �@��5?,1�/�C� 0'����` B� ! ='f � 0.5
�90'&G��H@���/�/,a��� �_��5?,1�/�C� 0'���=` BC b ` B� � � �F��#4!NR.���9,�0.�9&P,�0P�<lm%'�9�/,1!�0 � � L ��V � LB���.�B�/�9#A%.���",�0.2
R'�9�95,�@R'�9�95 �"%.0.�[#$��,v=c�+*J� ���95?���"����# ��� B� � 0'& ��� BC � �"�6� �a#$!s#$�.!93:0�Ls���.�6��%.5w,�0.!I#$,��A(
&-!@�9#K0�!��E&)�9���"�9��#A�7��#e#$�"�/!�0�2���([�N#K��}-*'�9���"�9&?3:,��/�6�"�.�7,�0'���"�9��#A,�0.2MR'���C��=c%�0'���/,1!�0�L�pq��,����
�"�.,;#e&),a#/���"��*'� 0J��(?,;#e0.!��	D/���e%.0'&)���C#$�"!@!-&zx��/�.�9#A�+5?�<��#$%��/��5?��0)�C#������"���9,�0.�1(6&)!?0.!N�T2N,�H@���
�"�9��#A!�0?�"!M��}-*U�<�����/�'�9�:�/�.�cQUSF��5?,��"���90'���9#`,10'���"�9��#A�9&3:,1�/�?,10'���"�9��#A,�0.2>RU�<� 5,�IRU�<� 5��/%�0.�
#A�.,v=c�C#�L

!#"cb %�&�')($*,+.-H( 032 d9(10�e N *,<�C.*8f ghd +ji *�0/<>7?C�FG0/(I+ * k�+.($*�0/-
��!M���.�9���+3:�����/�.�����/���7#$*'�9��,~���:��%.5?,10.!@#A,��A( V ] &),�5?,10.,;#A�.�9#`3:,1�/�?,10'���"�9��#A,�0.2>RU�<� 5,�IRU�<� 5
�"%.0.�O#$�.,~=c��x�V ] 3:�N#�5w�9��#A%.�/�9&7�9���"�.��W]��X �>&-���/�9�8�/!���=c!����T5�� }-,�5?,~b��9&e��%.5?,10.!@#A,��A(E� ���/�.�
� � &)���/�9���"!��E� 0'&P�/����0F3:,1�/�G#$��*'� �C� �/�<&FRU�<� 56#:,�0[�/�.�[� � ��}-*'���/,15?��0-��L:���.,a#T3:�N#4&)!N0.�
=c!N�+�"�.�?�/���/���6&-,v�����/��0)�>��� o !N*.�/,a��#\%J#$�9&�,10�#$�<���/,1!�0 � L � 3:��,;���Q�9�����J�<H@�w&),~�z���/��0-�+R'���C�
=c%�0'���/,1!�0'#e� �E�/�.�>,�0-�/���C�����",�!�0[*'!�,�0-��LE���.�M�/�<#$%.�1�/,�0�2?#A*U�<��,v���7��%.5w,�0.!I#$,��",��9#�� �"�M#$��! 3:0G,�0
�C� R.�1� � L � L6���.�?&-,v�����/��0'���9#7��!N%.�;&PR'�6&)%.�B�/![�/�.�w�r�J� 0.2N�?,�0G�/�.�BR'�����?=c%.0'���",�!N0�,10Q�/�.�
W]��X ��&)���"�9���"!��>&)%.�?�"!F�"�.�iR'�9�95,�@R'�9�95 =c!N�����w� �>�/�.� � � ,�0-�/���C�����",�!�0G*'!�,10)��L6� ![�/�9#A�
�"�.,;#:�-()*'!��"�.�9#A,;#�x.�"�.�M#A*'�9��,v�U�\��%�5?,�0.!I#$,1�$(=VXW�Y[Z?\] � �ml � 3:��#E��!�5?*�%.�/�9&?3:�.,a�r�63�!�%.�a&SR'�
��})*'�9���"�9&M� ���"�.� W]��X �>,�0-�/�������8�/,�!N0M*'!�,�0-��3:�.��0?�"�.�eRU����� �"�/!N0?*.�'�N#$�E��&)HN� 0J���4�/!7�"�.��� �
,10)�"�����N���/,1!�0?*'!N,�0-�:3:��#:2�,1H@��0?R-( �mlex

V W�Y[Z?\] � �nl � b V W Y[Z \GoBp�qsr]
^ @ a� ` a ��_ @ B��t ` B�
^ @ a� ` a � _ @ B� � �ml � ` B�

a @ aC ` a C _ @ BC t ` B�a @ aC ` a C _ @ BC � �ml � ` B�
� � � L � �

@ B��t b @ B�6u ��v �Ng ��� B�
#$,10 � �Ng&w B� �

�8!@# � ��g&w B� �Qx � � � L n �
@ B� � �nl � b @ B�6u ��v �Ng ��� B�

#$,10 � �Ng&w B� �
X �8!@# � ��g&w B� � _ ��!@# � �zy �ml yAv���g&w B� � Z x � � LYf �

�90'&G��!��"�/�9#A*U!N0'&),10.2��1({=c!N�\�"�.�BH@���/�",;���9�`R'���C��=c%.0'�8�/,�!N0'#�x�3:�.���/��@ B� ,a#4�/�.�BR'�����i=c%.0'�8�/,�!N0
=c!N�4�/���i0.!N5?,�0J� �_!�*.�",;��#T3:,1�/�.!N%.�7�/�.�BR'�9� 5[�@R'�9� 5�=c!-��%'#A,�0.2�Li�e!��/�M�"�'� � ��� B� �90'& ��� BC



����� �����	��
�������������������������! "�#
$� @ BC&% �' � ��o �)(��*��+!� �

V W�Y[Z?\]@ B� @ BC � 3:,1�/�.!N%.�'� � � � 3:,1�/�M� � � �nl-, X � � ��gzZ ��� B� ��� BC�-L V 5 �)L � 5 � f � ��� � �"! � f � ��� � �"! X � f ��� � � f � � Z���� � �"! �-L � � ��� �-L � no���
� L � 5 �)L ��5 �gf � W#��� � �"! � f � ��� � �"! X �gf ��� � � f W�V9Z���� � �"! �-L � �@��W �-L � n � n
� L � 5 �)L V 5 �gf ��W#��� � �"! �gf � ��� � �"! X fHf V � � � f f �9Z���� � �"! �-L � � � V �-L � fI���

$&%(' ):+ -�./.�1 2�465�7:9<;�=:>6?A@U=VC"EGFH?JI
K<=ML�5NI"5N>XC�O<5�CQPRF 9<>6T�CB=D?J>6@WP C C 4658=:>ACU5NIBP�T�CB=D?J>�Y ?A=:>ACN\
�9�/�P�/���FR'�9� 5[�@R'�9� 5 �"%.0.�G#$��,v=c�?*'�9���95?���/����#+! =>!N0.�P,�0-�/���C�����",�!N0�*'!�,10)��L����.�F*.�"!��"!�0
��5w,��/�C� 0'�8�9#K3����/�B!�R���� ,10.�9&�3:,1�/�Q�"�.�B3:,��/�w#/��� 0.0.���+�/![R'�?f~@ ^>`1a� b ��W 5?5 5w����&G� 0J&
f @_^>` a C b ��n 5?5q5?�C��&4�90'&\�"�.��*.�/!N�/!N0+�8%.�/�"��0)��3O��#g�<�K5{�>L����.��0.!�5w,�0'�9��R'������=c%�0'���/,1!�0'#
!9=E� �q
'�Kuy*M3����"�7@ a� b �:5��90'& @ aC b � f �e5PL��T0��e��!�0'�8��%'&)�<# �"�'� ���/����,�0J���/�9�N#$�9&+R'�9�95,�
R'�9�95 �"%.0.�6#A�.,v=c��&)%.�?�"!P�/�.�6#A�9��!N0'&�,�0-�/�������8�/,�!N0�*'!N,�0-�B&)!@�9#+0.!N�M#$����5 �"!F�"�9&)%'���w�/�.�
#A*U�<��,v���e��%.5?,10.!@#A,��A(@L��e06�/�.�>��!N0)�"��� �"(@x.�90F,10'���/�<��#$�t��� 0[RU�7!NR'#$���"H@�9&?3:�.,;���6���906RU��&)%.�
�"!\�"�.�eRU�<� �/,10.2+!9=��"�.�TR'���C�t=c%.0J���/,1!�0B3:�.,;���M,;#�,�0J&)%'���9&+R-(M�/���TR'�9�95,�@R'�9�95d=c!����8�e� ��� � L

!#"10 %�&�')($*,+.-/(1032 d9(10ze 8 ( ; <d7 < *�032546 46+�787 � M N O 0H(IF>-
�@,10'���4R�,�2�2N����QUSFR'�����+=c%.0'���",�!N0'#����9�N&?�/!B� 0[,�0'�8�/�9�N#$�9&i�����9���"�/!N06#$*'!��t#$,�b��9&?� �:�"�.�7,�0-�/���Au
�N���/,1!�0Q*'!�,10)��x`�"�.�i*��/!��"!�0�R'�9� 5 #$,1b��9#7� �"�?0.![��!�0�2����756�9�����.�9&F3:�.��0s�/�.�?R'�9�95,�@R'�9�95
�"%.0.�7#A�.,v=c��,;#�,10'���"�9��#A�9&R-(B,�0'���"�9��#A,�0.2>�/�.�ERU�����t=c%�0'���/,1!�0'#8L�� !B&-,�5?,10.,;#A�M�/�.,a#�5?,a#$56�9������x
�"�.�M!�*.�",;��#e3:,��/�P,10'���"�9��#A�9&FR'�����i=c%.0'�8�/,�!N0'#T�'�N&i� � o =c!-��%'#$,10.26,�0P�"�.�B� �C��#7� 0'&P0.!�5w,�0'�9�
��5w,��/�C� 0'�8�9#�! = ` B� b n�� 0.5PL����.�7�1%.5?,�0�!@#$,1�A(M3:��#:!�*��/,�5w,�b��9&MR-(?HN� �/(-,�0�2i�"�.�>&)�9��!N%.*.��,10.2
R.%�5?*�x@3:�.,;���6���9�N&?�/!w�+��5?,��"���90'���E��!�%.*���,�0�2M! =��1�9#/#��"�'� 0 � �m��������!N��&),10.2B�/!B#$�<���/,1!�0 n L

pq,��"�M�:*.�/!N�/!N0B��%.�/�"��0-��! = V �95{�+x��E#$*'�9��,~������%.5?,10.!@#A,��A(e! =?V ] b W f Wz� � � �"! ��5:9 � 5 �;9 �
3O��#\�"�9�����.�9&P=c!��M�P#A*.,�0s56� �C�r�.�<&�� ��o !�*��/,;��#\3:,��"� @ B�hb � 5 � 0'& @ BC b �gf �65PL6�����
*.�"!��"!�0P��5?,1�/�C� 0'���E3:��#:0.!N�45?�9�N#$%.�"�9&?R.%.�c`1a� b � � g 5?5 5?�C��&zxG`1a C b ��� f � g 5w5 5?�C��&
3�!�%.�a&k�1�9��&Q�"!P�/�.,a#�1%.5?,�0�!@#$,1�A(@LP���.��0Q�'H@�[&),~�����/��0-�+!N*.�/,a��#+3:,��"�9@ B� b � f �{5Px�@ B� ,
� � � f � � � � n � fG5�3����"�?,�0'#A���9�����<&{3:,1�/�|#$��*J� ���9�/�9&QR'�9�956#+�9�M�/�.�?,10)�"�����N���/,1!�0Q*'!N,�0-��#M� 0J&
�"�.��0P��%�5?,�0.!I#$,1�$(B3:�N#T�9#A��� R���,;#A�.�9&P�90'&F!�*.�",�5?,1b��9&i=c!��E�9�����P! =��/���9#$�>!�*.�",;��#8L+���.�MHN�9��%.�
!9=�@ B��b � f �75�3:�N#:�r�.!I#$��0M=c!����9�����B! =_�/���9#$�4!N*.�/,a��#�#$,10'���e�/�.�7�8!��/�"�9#$*'!N0'&),�0�2M�.!��",�b�!N0)�C� �
R'�9�95,�@R'�9�95 �"%.0.�G#A�.,v=c�B! = � ��� B� b � f � W�� ,a#i#A��,�2N�)�"��(��.,12��.���B�/�J� 0q��}-*'�9���/�<&k=c!��w�/�.�
&)�<#$,�2N0?*.�"!��/!N0[��%.�/�"��0-��! = � f��95{� �<=c�"�����"�.�4�1%.5?,�0�!@#$,1�A(+%.*.2N���N&)�@L�j`,�2N%.�/� � L � #$�.!93e#:�/�.�
�1%.5?,�0�!@#$,1�A(M3:�.,;���F3O��#e�����.,���H@�<&?� � W]��X �M=c!N�4�/�.�>&),~�����/��0-�D@�BC Le���.�7�'�/�"�9&F�8%.�/H@�>&)!@�9#
0.!N����� �@��,10)�"!7�����8!�%.0-�`�"�.�:!�*��/,;��#`3:,��"� @ BC b � f �:5 #$,10'�����"�.,;#_!�*.�",;���J��#�@ B� b � 5����9�/�.���
�"�'� 0t@ B� b � f �?5 ��#4,10P�/�.�M!N�/�.���t����#A�9#�LM����,;#K�'2N%.�/�w#$��! 3e#7�9�;#$!6�"�'� �7�/���M��%.5?,10.!@#A,��A(
3�!�%.�a&FRU�w#$,12�0.,~�����90)�"��(6�;�9�/2����4�/�'�90�3:�J� �73:�N#t5w�9��#A%.�/�9&63:�.��0G�/�.�MR'�9�95,�@R'�9�95 =c!N�����
,a#�0.!��:�C� �@��06,�0-�/!B�N����!N%.0)��L

���.���"�6���90 R'�[#$��H@�����9���"�9��#A!�0'#+=c!��M�"�.,;#>&)�9���"�9��#A�?! =E�/���F#A*'�9��,v�U�i��%.5w,�0.!I#$,��A(@L6�����
���1�9���"�/!�0[#A*U!N�7#$,1b��>��!�%��;&S�J�<H@�7,10'���/�<��#$�<&F&)%.�>�/!w�iR.�1! 3:%�*F! =��/�.�>��5?,��"���90'���4*.�"!-&)%'���<&
R-(7�/�.�:R'�9�95,�@R'�9�95�=c!��C���@x��"�.�e#$*'!N�:#$,1b��:�8!�%.�a&M� �;#A!7�'��H@�:���'� 0.2N�9&M&)%.�:�"!>�tR'�9�95,�@R'�9�95
R'���C�KR'�9�9��� �_�/�.��,�0-�/���C�����",�!N0\*'!N,�0-�`!N��&)%.���/!E�K0.!N0	<E� %'#"#$,;�90MR'�9� 5 &),;#A�/�/,1R.%.�",�!�0>���9%'#$�<&
R-(M�/�.�E#$�"�/!N0.2��1(i0.!N0.��,10.�9�9��R'�9� 5[�@R'�9� 5�*'!N�/��0-�/,a� �^L	� !>��HN� �1%'� �"�4�/�.�E���'� 0.2N�4,�0B�/���4#A*U!N�
#A,�b��@x�,1�\3O��#M�N#/#$%�5?�9&P�/�'�9�+�/���?R'�����?=c%.0'���",�!�0s,;#4%.0'���'� 0�2��9&Q�90'&Q�/�.�B*.�.!N�/!N0�#A*'!��B� �



W � ����	\�������2�
	 ���2	���� ����O�
�2���2��������
��	�����	�	 ���

1 1.5 2 2.5 3 3.5 4

2

3

4

5

6

7

8

@ BC � 5 �

V ]

��������� + -/.0-�1�	&?ACBCB?J;�
�JI"5�5N>���1�2�4658@QY 5�T�=��(TG7:9<;�=:>6?A@B=DC"E�� ] =[>m9<>6=DCB@�?�F���� �"! TN; 9 � ;�� 9 � FH?JI@B=�� ?6Y6CB=DT�@���=VC 4mK<=ML 5NIc5N>AC O<5�C PGF 9<>6T�CB=D?J>6@N\Z2z?JY�
HIc5�K���1! 
?J;#Y<96CB5�K @QY 5�T�=��(T�7:9<;�=:>6?A@U=VC"E"��465N>CQ4658O<5NPA;�#�O<5NPA; 5 L 5�T�C�=V@�>6?AC�C P%$�5N>G=:>ACU?�P�T�T�?J9<>XCN\
�"�.�F�1%.5?,10.!@#A,��A(P5?!�0�,��/!N��#M! =8� � �90'& W]��X �Q3O��#M%'#$�9&��/!�&-���/���"5?,�0��i�"�.�F��5w,��/�C� 0'�8�9#
�N����!N��&),10.2M�/!M�"�.�T=c!��"5i%��;�\!9=�#A�9���",�!�0 n LYf�L����.�7��5?,1�/���90'���9#�5?�<��#$%��/�9&B� � � � �90'& W]��X �
�9�/�[#$��! 3:0�,10k�J2�%.�"� � L � � 0'&��F�'�M�/!P�"�.�[��H@�����92��6! =E�/�.�6�A3�!P5w�9��#A%.�/��5w��0)�C#T,;#M�9�;#A!
#A�.!93:0�L

��!G#$�"%'&)(Q3:�.���/�.���M�"�.,;#M#A�/�"!�0.2PH@���"�/,a��� ����5?,1�/�C� 0'���BR.�1! 3:%�* ,a#+�/�9#A*'!�0'#A,�R.�1�i=c!��B�/�.�
5w�9��#A%.�/�9&s&)�9���"�9��#A�S!9=>#$*'�9�8,v���i�1%.5?,10.!@#A,��A(P3:,��"��,�0J���/�9�N#$,10.2o@ BC x��'2�%��/� � L n #A�.!93e#i�/�.�
5w�9��#A%.�/�9&B��%.5?,10.!@#A,��A(B�/!�2N���/�����T3:,1�/�6�/���+��%�5?,�0.!I#$,1�$(M3:��,;���S,a#T�8!�5?*.%��/�9&=c!N�4�/���\��5?,��Au
�C� 0'�8� ` BC !9=\�J2�%.�"� � L � L �@,�0'�8�S�"�.,;#B��!N5?*.%.�C� �/,1!�0�56�9�����.�9#+�/���F5?�9�N#$%.�"�9&Q��%.5w,�0.!I#$,��A(
5B%'���FR'���"�/����x �"�.�w&)�9���"�9��#A�M! =e��%�5?,�0.!I#$,1�$([#A����56#:�/![RU�B56�9,�0.�1(F&-%.�i�"!P�6RU�<� 5,�IRU�<� 5
=c!N�����t&)�/,1H@��06,�0'���"�9��#A�4! =��/�.�7H@���"�/,;��� �'��5?,1�/���90'���@L

���.�M�-%.2N�M,�0'���"�9��#A�M! =,` BC R-(6%.*G�/!6�i=y���8�/!�� W ,a#4&)%.�M�"!?�/���M��0.!��"5?!�%J#T��,10.�9� �e�/%�0.�
#A�.,v=c�>*.�/!-&-%'���9&�R-(G�/�.�?�A3�!F��}-*'���/,15?��0-��#T3:�.,a�r�G,;#>#$�.!93:0�,�0G�'2�%.�"� � L f.LG]^0�=y���8�+,��7,a#
l@%.,1�/�E��#$�"!�0.,a#$�.,10.2M�/�J� ���"�.�4���1�9���"�/!�0BR'�9� 5 ��!N%.�;&?�9�:�9���'R'�+#A�/!N�/�9&i3:,1�/�6#A%'���i�a� �/2N�4�/%�0.�
#A�.,v=c�C#�L�pq�.,1���4�"�.�7��%.5w,�0.!I#$,��A(>�'��&6�/!MR'�+H@���"(?��� �/�8=c%.���1(M!�*.�",�5?,1b��9&M�/!B��H@!�,a&�R'�9�95 ��!I#/#8x
�"�.�7��,~=c���/,15i�:3O��# � �"!Mfi�.!N%.��#:��H@��0�� �e�/�.�7�.,12��.�9#A��@ BC ! =�fN5PL

!#"'& %�&�')($*,+.-H( 032546+�798:(1; <d7?<�*�0 k�7?+�0/+ * @ & *,F e)( & 7/7 < *�0H-
�q#A,�2N0.,v����� 0-��&-��*'��0'&)��0J���:! =_�"�.�4#A*'�9��,v�U����%.5?,10.!@#A,��A(7!�0B�/�.�e*.�"!��/!N06��%.�"�/��0-��5?,�2N�)�_�.,10)�
�9�4�BRU�<� 5,�IRU�<� 5 =c!��C���+,10'&)%'���<&S,�0J���/�9�N#$�>! =��"�.��QUS���5w,��/�C� 0'�8�@L���!?�"�9#$�e3:�.���"�.���7#A%'�r�
�>&)��*'��0'&-��0'���e��}-,;#$�C#��9���/���7��%.�"�/��0-� ����
�q*'� �C� 5?���/���C#�x@�/�.�E#$*'�9�8,v���T�1%.5?,10.!@#A,��A(>� ��� �
=c!N���9�N�r�BR.%.0J�r�?*J� ,���3:�N#�*.�1!��/�"�9&?�92@� ,10'#$�:�"�.�4*.�"!��"!�06R.%.0'���w��%.�/�"��0-��,10i�'2N%.�/� � L �-L����.�
R�%.0'���SR-(?R.%�0'�r��#$*'�9��,~���4��%.5w,�0.!I#$,��A(M,a#T&),a#$*.�a��(@�9&i=c!��e�9�����6��%.5?,10.!@#A,��A(M�/%�0F! =��/�.�7�'��#A�
=c!N%.�e5?!�0-�/�'#�!9=��/���\(@�<� � � �@���-xz3:�.���"�t=c!N�T�<�����F�/%�0F�/���+&�� ���B3����"�4��� �@��0P#A�.!��"�/��(��<=c�/���



����� �����	��
��������� % �  &����� �# �#
$���  � ��� 
��&��
 + � � ��  �#
� � V

1 1.5 2 2.5 3 3.5 4

2

4

6

8
����
�
	 ����

����� ����

@ BC � 5 �
��� � � � + -�./.�1
2�?JY"
HI"5�K���1&2�465��A5NI"CB=DTNP�7�5N;R=VCUCQPA>6T�5 Ic5�7[P CB=��A5�CB? CQ465 T�?J; Y<96CB5�K�� P�7:965�?�F��<\��X><;�\
	&?ACBCB?J; 
 �JI"5�5N>���132�465�46?6I"=���?J>AC P�7(5N;�=DCBC PA>6T�5WIc5�7[P CB=��A5�CU?8CQ465�T�?6; Y<96CB5�K�� P�7:965�?�F����A><; \�� 46=D7D5
� B� K<?J5�@�>6?AC
@B5�5N; CB?�T 4<PX> �A5 ;�96T�4��JC 465 �A5NI"CU=VTNP 7/5N;R=VCUCQPA>6T�58=D@�O67D? ��> 9<YZOXE 9<YGCB?GP FSP T�CB?JI&?�F
!<\

1 1.5 2 2.5 3 3.5 4

2

4

6

8

V ]

@ BC � 5 �
��� � � � + -/.#"�1�2z?JY"
�JI"5�5N>���1�2�465 @ Y<5�T�= �(T 7:9<;�=:>6?A@B=DC"E � ] =:> 9<>6=DCB@�?�F�� � �"! TN; 9 � ;�� 9 � FH?JI�@B=��?JY6CB=DT�@!��=VC 4 K<=ML�5NI"5N>XC O<5�C PGF 9<>6T�CB=D?J>6@N\ 	&?ACBCB?J; 
SI"5�K���1! 
?6; Y<96CB5�K @QY<5�T�= �(TG7[9<;R=[>6?X@B=DC E"��465N>CQ465��A5NI"CB=DTNP�7 5N;�=DCBCQPX>6T�5�;�5NP�@Q9<Ic5�KnOXEZC 465RY<46?XCB?J> @QY<?XC8P�C�C 465 7:9<;�=:>6?A@U=VC"E ;R?J>6=DCB?JI"@�=D@8CQP%$ 5N>=:>ACB?GP�T�T�?J9<>XC��(P�@B@ 9<;�=:> � CQ4<P�C�C 465$�A5NI"CB=DTNP�7*O 5�CQPRFS9<>6T�CB=D?J> =D@W>6?AC�T 4<PA> �X5�KZOAE�CQ4658O 5NPA; #�O 5NPA;F ?6I"T�5A\



� � � ����	\�������2�
	 ���2	���� ����O�
�2���2��������
��	�����	�	 ���

1 1.5 2 2.5 3 3.5 4

0.1

0.2

0.3

0.4

0.5
� ��� BC

� ��� B�

@ BC � 5 �
��������� + -/.�� 1Z2�465�T�?J;#Y<96CB5�K O 5NPA; #�O 5NPA; C 9<>65Z@Q46=MFHC�Y<PAIBPA;R5�CB5NI"@�FH?JI CQ465ZC �
?m=:>ACB5NIUP�T�CB=D?J>Y<?A=:>XCB@�FH?JI @B=�� ?JY6CU=VT�@ ��=DCQ4 K<=ML 5NIc5N>AC�O 5�CQP FS9<>6T�CU=V?6>6@N\�2�?JY 
SI"5�K���1�FH?JI �A5NI"CU=VTNP 7�PA>6K 	 ?XCBCB?J;

�JI"5�5N>�� FH?JI�46?JI"=���?J>XCQP�7�;�?XCB=D?J>�\
�"�.�B#$�C� �"�\!9=e�/�.�M�"%.0�LB��!F�9#A��� R���,;#A�P�/�'�9�>�SR'�9� 5[�@R'�9� 5�=c!��C���M,�0'&-%'���9&PR.��!93:%.*P!9=e�/�.�
�����9���"�/!N0+R'�9� 5 &-,�5?,10.,;#A�.�9#��/�.�:�1%.5?,�0�!@#$,1�A(@x9�40.!��",;���9�9R.���e&-�/!�*B! =��/�.�e��%�5?,�0.!I#$,1�$(t� ���.,�2N�
*��/!��"!�0���%.�/�"��0-��#�3�!�%.�a&S�'��H@�4�"!iR'�7H-,;#$,1R.���Ixm3:��,;���S,a#�0.!��e�/���+����#$�IL

]^�:,;#:�.!93���H@����,10)�"���/�9#A�/,10.2M�/!B0.!��"�+�"�'� �7#A!�5?�ER.%.0'���.�9#8xU�9#A*'�9��,;�9���1(?#A!�5?�73:,��"�6�/���a� �$u
,1H@����(M�1!93 *.�/!N�/!N0G��%.�/�"��0-��#�x.�J�<H@�>�MH@���/(B�.,12��P#A*'�9��,v�U�t�1%.5?,10.!@#A,��A(@L����.,a#T��!N%.�;&?,10'&),;��� �/�
�"�'� �:�"�.�70.!��"56� �1,�b��<&*.�"!��"!�0F��5?,��"��� 0J���4��� 0FR'�>#$,12�0.,~�����90)�"��(w#$56�9���������"�'� 0[�/�.�>��H@���C� 2��
=c!N��#$!�5w���/�C� 0'#^=c������!�0J&),��",�!�0J#�3:��,;���M!-����%.��!�0���(+�C� �"����(7=c!���,�0'&-,�H-,;&)%'�9�.R.%.0J�r�.�<#�L�]^���"%.�/0J#
!N%.���"�'� ��,�0?�"�.!@#A�7���N#$�9#�3:�.���/�E� 06%.0-%'#A%'� �1��(M�;�9�/2N�7#$*'�9��,~���:��%.5?,10.!@#A,��A(7!-����%.�C# � !��:5?!N�/�
�"�'� 0 �)L �@���@���i,10?�/�.�t&),;#A*.�;��(@�9&M%.0.,1��# � x)�"�.,;#�� ��3O��(.#��'� *.*'��0J#�=c!��:�/���T�'��#A�:R.%.0'���?*'�9,���! =
�"�.� � ��fw��!N����,a&),�0�24R.%.0'���.�9#8L����.,;#�5?,�2N�)��x��.!93���H@����x@R'�7&)%.�E�/!M�906!-����� �",�!N0'� ��*.�/!NR.����5 ,�0
�"�.�45?�<��#$%��/��5?��0)��!9=��/���T�'��#A�TR�%.0'���6��%.�"�/��0-��L����.�<#$�>����#A�9#�! =	�.,12��[#$*'�9��,~���4��%.5w,�0.!I#$,��A(
�9�/�>0.!��7�8!��/�"���;�9�/�9&63:,��"�F��}-�/�C�!N��&),10'� �"(F�;�9�/2N�+!��t#$56�9���z�����9���"�/!N0P��%.�"�/��0-��#e��#E#$�.!93:0P,�0
�J2�%.�"� � L �-L



����� �����	��
��������� % �  &����� �# �#
$���  � ��� 
��&��
 + � � ��  �#
� � ���

100 200 300 400 500 600

0.00002

0.00004

0.00006

0.00008

0.0001

� a ��� � �

V ]

��� � � � + -/.��z1 2�465�@QY<5�T�= �(T�7:9<;�=:>6?A@B=DC"E � ] 
HPXIBO6=DCQIBPAI"EG9<>6=VCU@ �&FH?JI&5NP�T 4GT�?X7V7D=DK<=:> �ZO<9<>6T 4 P �JP�=:>6@BCCQ465�Y<I"?ACB?J> O<9<>6T 4 TN9<IBIc5N>AC�� a 
�� � ��P�@�?JO6CQP =[>65�K OXE
	 �A\m2�465�K(P CQPm4<P��X5�O<5�5N> CQP $�5N>mF I"?J;5A\ �(\G4ACBC Y�1��� �<;�5NY<; ���X\sK<5�@BEA\sK<5���E �%�%� ��A;����K �%��� O<9<>6T�4���C � �<\��%	
9<>6T�4��3PAIB;���FH?JI�CQ4653EX5NPAI �%�%� � �F ?6I"CQ4 ;�?J>XCQ4�� �%��CQ4 K(P]E P�C�CQ465GCB=:;�5 ���<1�� �<\ 2�465�@B5 �(7D5�@�T�?J>XCQP�=:> T�?J9<>XCB=:> � IBP�CB5�@�?�F�CQ465�	!�7:9<;�=:>6?A@B=DC"E ;�?6>6=VCU?JI�PA>6K 4<P �A5�C 465NI"5 F ?6I"5 O 5�5N> @Q9<O6@B5��<965N>ACU7VE�T�?6IBI"5�T�CB5�K F ?6I8C 465 O<P�T $ �JI"?J9<>6K@B=��J><P�7*P C >6?6> #JT�?A7D7D=VK<=:> �mO<9<>6T 4 Y<?A@B=DCB=D?J>6@]\

50 100 150 200 250 300 350

0.00002

0.00004

0.00006

0.00008

0.0001

� B ��� � �

V ]

��� � � � + -/.��z132�465�@ Y<5�T�= �(T�7:9<;�=:>6?A@B=DC"E 
HPXIBO6=DCQIBPAI"E 9<>6=DCB@ � FH?JI35NP T 4�T�?X7V7D=DK<=:> �ZO<9<>6T 4GP �JP =[>6@UC CQ4655�7D5�T�CQI"?J> O<9<>6T 4 TN9<IBI"5N>XC�� B 
�� � ��P�@�?JO6C P�=:>65�K OXE�	 �A\



��� � ��
��	�����	�	 ���}	U� � �2	��A��� � ��� o � �5� � � ��o �$�D�
	 ��	

� ���� �".�i���8�>� �F�O
QP���J�M� 
 �	�	
 
Q�� 
 ��	
 ��� ���9�T�5�"
� 	�
 ���)�

BEDGFIH�JKH�J1L N�PQ=@RS?�=�=@?oUop%d/9,egf JMRScKB�`�UTs
�E� �/�I� ��V�VNV x]�T�9��L � �)xS�<� 5��/! �T�9��L � �Ix^�<� 5PxF�'!N2�R'!@! ����� ���7]�x@*�L.f@�Q�-� f
�E� �/�I� ��V�VNV x]�T�9��L ��W x � *.5��/! �T�9��L ��W x �@� *.5PxA�'!�2NRU!@! �h��� ���7]�x@*�LS�T�Q��� n

]���,;#�*.�;�90.�9&?�/!>�/�9&)%J���4�/���4�.!��",�b�!N0)�C� ����5w,��/�C� 0'�8�:,�0{����
'� =c�/!N5 �8%.�$u
�/��0-�/�1(Pf � 0�5 &)%.�",�0.2P�"�.�?��%�5?,�0.!I#$,1�$([%.*.2N����&-�S�"! ��� 0.5 X � x �9Z LG���.,;#
#$�.!N%.�;&iR'�E�����.,���H��9R.���:R-(M,�0J���/�9�N#$,10.27�/�.� 
TjF=c�/�<lm%.��0'��(M�90'&i�"�.�T*��'��#A�
��&)HN� 0J����*'���[j�� �\�������1�^L � �a� �"�/,;�8�P3:,��/� � � oS*.�J��#$�k��&)HN� 0J����*'���
j�� �\� �����1�),10MRU!N�/�?*��;� 0��9#`�/%��/0.�9&M!�%����"!7RU�e5?!I#$�_*.�/!N5?,;#A,�0.24R'�9��� %'#A�
,����'�N&i�/���T5?!I#$���N������*���� R����E&)()0J� 5?,a��� *'���"�/%.�"� X n Z � 0J&i�9����!93e#�=c!���D/%'#$�
�/�.�7�/�<lm%.,1�/�9&w� 5?!N%.0)��! = 
ej�=c�/�9l@%.��0J��(i,10'���"�9��#A�@L
� !B�/�9#A�:�/�.�>%'#/�9R.,��1,��A(B! =�#A%'�r��� 0[!�*.�",;��#�,10F�/���\%�*.2��C��&)�9&M����
�:u^�@x'�
� � o �/�<#$��!�*��/,;��3O��#�,�0'#A��� �1���9&e,�07�/�.����%.�/�"��0-���/,�0�2e� 0'&4�/���JQ S � 0'&4*.�"!��"!�0
RU�<� 56#73����"�SR��/!�%�2��-�M,�0-�/!P��%�5?,�0.!I#$,1�$(G�8!�0'&),1�/,1!�0�Ls���.��0��/�.�6*.�"!��"!�0
RU�<� 5�3:�N#4#$�.,~=c�/�9&63:,��"�F�/�<#$*'�9���e�/!B�/�.��QUS{R'�9�95 � 0J&F�/�.�>��%.5?,10.!@#A,��A(
3:��#_�/�9��!N��&)�<&M��#��K=c%.0'�8�/,�!N0M! =��/�.�O� 5?*.�1,��"%'&)��!9=��/�.�e#A()5?5w���/�",��_R.%.5?*
3:�.,;���[#$�.,~=c�/�9&6�/�.�>*.�/!N�/!�0GR'�9� 5�L�pq�.,��1�M�M3:,��"�M#/��� 0.0.���T3O��#T%'#A�9&F�/!
&)���/���/5?,10.�4�/���M*.�/!N�/!�0GR'�9� 5�#A,�b��IxU�"�.,;#T�1%.5?,10.!@#A,��A(6#/��� 0G3:��#e%'#$�9&P�/!
&)���/���/5?,10.�?�/��� QUS���5?,1�/�C� 0'���<#�L �4#w���/��=c���/��0'�8�@x��G��%.5?,10.!@#A,��A(s#/���90
3:��#��9�;#$!>*.�/!-&-%'���9&=c!N���/�.�E��%.�"�/��0-��!�*��/,;��#�!9=z����
�:u^�:3:,1�/�w��� o *��'��#A�
��&)HN� 0J���7*U���4j�� �\���������^L
���.�:R'�9� 5,�IR'�9� 5d=c!N�����e�N���/,10.27!�0B�/�.��QUS?R'�9� 5�,a#��r�J� 0.2N�9&i&-%.�/,10.24�/���
��%.5?,10.!@#A,��A(B#/��� 0�LE���.,;#:���9�N&.#:�/!w�iHN� �/(-,�0�2 �-,;���?!�0[�/�.��QUS{R'�9�95 � 0J&
�/!M�7HN� �/(-,�0�2M&),a#$�/%��/R'�90'���e�/!+�"�.�eRU�����t=c%�0'���/,1!�0�L������9#$�e�����9���C#�� �"�T��}mu
*.�;�9,�0.�9&M�90'&M��� �@��0+,�0-�/!>�N����!�%�0)��3:����0B&)���"���/5?,10.,�0�2:�/�.�e��5?,1�/���90'���9#z!9=
�/�.�cQUS�R'�9�95PL�����������
'��*.�/!N�/!N0?R'�9� 5 ,;#���#"#$%.5w�9&+�/!>RU�e%.0'�����9���/�<&
R)(?�"�.�7R'�9� 5,�IR'�9� 5 =c!N�����t&)%.�/,10.2B�/�.�7��%�5?,�0.!I#$,1�$(B#"��� 0�L

bJ"$! %�&�')($*,+.-H( 032 � F>C.*,-P4 + 7K@B<_C.' � (��>< 8:<>0H<d7G')($*,C�0/(I+ *
�����7#$*'�9��,~���:��%.5?,10.!@#A,��A(cV ] =c!������9��&i!N0[��!��1��,;#A,�!N0'#�! =_�A3�!>RU�<� 56#�3:,��"�6&)��0J#$,��",��9#�� a �90'&� B ,;#:2�,1H@��0?R-(

V ] b
���� a � B ��� X �

�
9
� � a ��� � �z�"! �$# ! ZAX �

�
9
� � B �%� �"���"! ��# ! Z # � # � � � � L � �

3:�����/���/�����8,����8%.�;�9�/,�!N04=c�/�9l@%.��0'�8( � � 0'&+�"�.���r�J� �/2N�9# � a �90'& � B ! ='�"�.��*'�9�/�",;���1�9#z,�07�/�����A3�!
R'�9�956#:�'��H@�+R'����0P%'#A�9&zL �T%.�/,10.2[�i��%�5?,�0.!I#$,1�$(w#/��� 0�xz�"�.�B&),a#$���90'���>RU���$3�����0[�/�.�B����0)�"���
!9=��"�.�4�A3�!7R'�9� 5�#�,a#�H��9�/,1�9&zL`pG�e�������/���4&)��0'#$,1�/,��<#&� a � 0'&'� B &-�9#/���",�R'�E�+����0-�/���/�9&+R'�9�95Px
,yLY�@L	( �*)+ �-, ��� �"�z� ! ��# )+ b �)L����.��06�/���\�1%.5?,10.!@#A,��A(B#/���90F,10 � �m&),��"�9���/,1!�0?,a#:&)�9#"���/,1RU�<&�R-(

V � ] � � � � b ���� a � B � � X �
�
9
� � a �%� �"���"! ��# ! Z�X �

�
9
� � B �%� v � � � �z�"! �$# ! Z # � # � f � � L � �



� �0� �����	��
���������V	 +��'
 � % �' �� ��� � 	 ��� �&�5� � �# �	��
�� �*��� 
 ��n

pq�.��0��� � � � b ( � � ��� � �z�"! �$# � # ! ,;#+�"�.�?*.�"!9D/�9���"�9&Q&)��0'#$,1�$(Ix`�/���?��%.5w,�0.!I#$,��A(�#/���90 ,10 �&),1�/�9�8�/,�!N0?2�,1H@�9#�,10)=c!��"56� �",�!N0F�9R'!�%.�e�/�.�7H@���"�/,a��� ��&)��0'#A,��A(z�� �
9
� V � ] � � � �$# � � b �� � a � B � � �� a � � � �� B � � �$# � f � � L n �

�4#"#$%.5w,�0.2 <E� %'#"#$,;�90�R'�9�956#+=c!��6*.�/!N�/!N0'#�� � � a ��� � �z�"! � b �
	 ��� �%� � �
	 � � � � � �� a � ! � xe� 0J&
�9l@%'�9����(M=c!��:�����9���"�/!N0'#�x-3:,��/�6�"�.�4=c!����1!93:,�0.2B��!N0)H@!N��%.�",�!N0S*��/!�*'���"�A(z�

� 	 ��� � b �
� �Ng�� ��})* � v � �

��� � � �
� � � 	�� �%� v��� � � 	�� �%� ��# � b�� � 	 � � S 	 �� � �� � � � � LYf �

�"�.�7,�0-�/��2N��� ��,�06�9l@%'� �",�!N0 � � L n � ��HN� ��%J� �/�<#�3:,��/���� a � � � b���	 � � � � � x��� B � � � b��
	 � � � � � �"!� �
9
� V � ] � � � �$# � � b ���� a � B �

� �Ng � � �C a _ � �C B �
f � � L � �

���/���a� �/�<&t5w���/�.!-&73:�.,;���M�9�;#A!4�/�9l@%.,1�/�9&4,�0-�/��2����9�;#�!9H@������%.5w,�0.!I#$,��A(E#/���90'#`3O��#`%'#A�9&M� �	�/�.�
� ��
e�d]|�o
 =c!N�4��%�5?,�0.!I#$,1�$(w���9��,�R���� �",�!N0 X f.x�� Z L7]^0F�/���+=c!����1!93:,�0.2�xz�A3�!B5?���/��!-&.#T3:,��1��R'�
%'#A�9&?�/!w&)���"���/5?,10.�:�/���\!9H@���"�;�9*SR'�9�95�#$,1b��9#�� � b ^ � �� a _ � �� B �90'&�� C b ^ � �C a _ � �C B L
Z[�J�"+,#UN! �#"%$ ���.�E#$�C� 0'&.�9��&?&-��H),a� �",�!�0'& � �
(
) � * ! =��/�.�e��%�5?,�0.!I#$,1�$(t#/���90i,a#�!NR.���9,�0.�<&
R-(i�'�"�/,�0�2,+��@x.- �@x'�90'&0/ �7! =��MR'�����_��%��/H@�1+ ����}-* � v - � �%� v / � � � � �/!B�/�.�>&.�9���-L:���.��06!�0��
!NR.���9,�0'#2��� b � � � � - �@LI�@,�5?,1�;�9�/��([!�0.�6!NR.���9,�0'#2� C b � � ^ � - C LK�4#"#$%.5w,�0.2 <E� %'#"#$,a� 0
R'�9�956#�3:,1�/�6�/�.�4=c!N����!93:,10.2B��!�0-H@!��1%.�/,1!�06*.�"!�*'���/�A(��

� 	 ��� � b �
� �Ng�� ��})* � v � �

��� � � �
��� � 	�� �%� v��� � � 	�� �%� ��# � b�� � 	 � � S 	 �� � �� � � � � L � �

�"�.�7��%.5?,10.!@#A,��A(M#"��� 0�&.� �C�i#A�.!�%��;&SR'�>� *�*.�/!9}-,�56�9�/�9&iR-(

V � ] � � � � � C � b
���� a � B �

�Ng � � � C
Q 9
3 ��54 �� Q 9 3

��54 � � f � � L � �
���.�<#$�>��%.�"H@�9#�3:,1���zR'����!��1!��/�<&�2N�/����0S,106�/�.�4=c!��1��!93:,�0�2+�'2�%.�"�9#�L

Z[�J�"+,#UN! �6"7$ ]^��,a#���#"#$%.5w�9&+�/�'�9��RU!N�/�BR'�9� 56#_�'��H@�e�;<E� %'#"#$,;�906&)��0J#$,��A(@xN3:�.,;���+�1�9��&.#
�"!

��� a � B � � V � ] � � � ��# � � b � �
9
� Q 9 � ��58 �� �
� �Ng�� C a

Q 9 � ��58 �� �� ��g�� C B # � b �
� ��g ^ � �C a _ � �C B

f � � L W �
]^0G�/�.,a#t5w���/�.!-&�xz�/�.�BH@���"�/,;��� ��!9H@���"�;� *PR'�9�95�#A,�b��M,a#4!�R.�C� ,�0��9&�=c�"!�5��/�.�B�.!N�/,�b�!�0-��� �	��%)u
5?,10.!@#A,��A(M#"��� 0w3:,��/�9� C b � � ��g � � a � B ( � V � ] � � � ��# � � � 9 � � 0'&?H-,;���eH@���C#/�)L	���.�4,10)�"��2��C� �
,a#���H��9��%'�9�/�9&MR-(\�'�"�/,�0�2:+ �@x;- �@x-� 0'&,/ �e! =	�4R'���1�z�8%.�/H@�
+ �z��}-* � v - � ��� v / � � � � �/!7�/�.�E&.�9���)L
���.��0\!N0.��!NR.���9,�0'#6� C b � - � � � ��g ��� a � B +�� � 9 � � 0'&>#$,�5w,��;�9�/�1(�� C b � - � � � �@g ��� a � B +�� � 9 � L�T�a#$!:=c!����"�.�9#A�<���e� 0'&2� C x��/���:��%.5?,10.!@#A,��A(E#/���90B&.� �C�\#A�.!�%��;&+R'�e� *.*��/!9}),156� �"�9&\R-(7�9l@%'�<u
�",�!�0 � � L � � L����.�<#$�M�8%.�/H@�9#�3:,��1�zR'�>��!��1!��/�<&��"�9&?,�06�/���t=c!N���1! 3:,10.2+�'2N%.�/�9#8L

���.� ����
��*.�/!N�/!N0 R'�9� 5 #A,�b��=& � �=( a ,a#i!�R.�C� ,10.�9&qR)(��'�/�",�0.2|� <E� %'#"#$,;�90 �/!
3:,1�/�[#/���90.0.���B&�� ���-Lq��!�2����/�.���M3:,1�/�|�/�.�6��%�5?,�0.!I#$,1�$(G#"��� 0�x��"�.� QUS�R'�9� 5 #A,�b��?,a#�"�.��0
&)���/���"5?,�0.�<&zL



� f � ��
��	�����	�	 ���}	U� � �2	��A��� � ��� o � �5� � � ��o �$�D�
	 ��	

bJ"cb i *��R&,< *JF>< +.4 0�e,< @B<_C.'���@B<_C.' D,+ 7 F><

�e���/�M3��M3:,�������!�0'#A,;&)���\�A3�!S�8�z�<����#4! =e�"�.�BRU�<� 5,�IRU�<� 5 =c!N�����B!�0s�/�.�B��%.5w,�0.!I#$,��A(6#"��� 0�L
j_,���#A�/�1(\�"�.�eRU�<� 5,�IRU�<� 5 �-,;���7���9�N&.#`�"!+�>&),;#A*.�;�N����5?��0)��! =��"�.�cQTS?R'�9�95�=c�/!N5��/�.�:*��/!��"!�0
R'�9�95 3:�.,;���s��&.&.#7�/![�/�.�6&-,;#$*��;���8��5?��0-�:3:�.,;���G,;#4*.�/!-&-%'���9&�R-(P�/���6#$(-5?5?���"�/,1�4R.%.5?*
&-%.�/,10.2i�"�.�M#"��� 0�L �I�9��!�0J&)��(6�/���M#$�"�/��0�2��/�P!9=��/���+R'�9� 5[�@R'�9� 5��1��0'#e�r�'�90.2��<#T&)%��/,�0�2?�/�.�
�1%.5?,10.!@#A,��A(6#/��� 0�Lw���.,;#4���<��&.#4�/![�6���'� 0.2N,�0.2[R'�����i=c%.0'�8�/,�!N0Q�90'&P�/�.���"��=c!��"�?�6���'� 0�2�,�0�2
QUS6RU�<� 5 #$,�b��7&)%.�",�0.2>�/�.�4�1%.5?,10.!@#A,��A(M#"��� 0�L����.�4R'�9�95,�@R'�9�95 *'!N�/��0-�/,a� �U=c!N�:� <E� %J#/#$,a� 0
*��/!��"!�0[RU�<� 5 3:,1�/�6R'�9� 5h#$,1b��9# � � a � 0J& � C a �9�T�"�.�7,�0-�/���C�����",�!�0w*U!N,�0-�T,a#�2�,1H@��0?R-( X � Z

� �%� �"� � b � �
t

Q 9 � ���� 8 ������
	�� 9 � ���� 8 �� ��
	��^ � �� a _ � ^ � �C a _ � # � f � � L V �
����� �-,;���F!N0�� 0PQUS�*'��#"#$,�0�2P�/�.�B*.�/!N�/!N0QR'�9� 5�,�0G�/�.��&),;#A��� 0J��� ��� �"� � =c�"!�5 ,��C#+����0)�"���
,a#K2N,�H@��0PR-(�� )+�� b v����������� � ��� � � � 3:,��"� ����� b�� �� � � � � �� � x + Q b � f W =c5 R'��,�0�2?�/�.�B�8�;��#"#$,a��� �
�����9���"�/!N0\�C��&),1%'#_� 0'& ^ B R'��,�0.2E�/�.��*U!I#$,1�/�/!N0'#6�N�/���a� �/,1H),a#$�",;� =y�N���/!N��L�������0-%.5iR'����!9='*.�"!��/!N0'#
,106�/�.�>��!N����,a&),�0�2+R.%.0J�r�6,;#�2N,�H@��0wR)(�� a Lpq�.��0S�"�.�+!N0.�+�"%.�/06�"��� 0J#$*'!��"�\5�� �/�",�}M3:,1�/�.!N%.�T�"�.�+R'�9�95,�@R'�9�95 ,�0-�/�������8�/,�!N06,;#:&)��u
0�!��/�<&+R)(! t � 0'&M�/�.�:R'�9�95,�@R'�9�95 �-,;��� � � � ,;#`2N,�H@��0�x��/�.�:*'!I#$,��",�!N0?�90'&M#$�1!�*'�4&-��H),a� �",�!�0
�9�:�/�.�7,10)�"�����N���/,1!�0?*'!�,10)�E#/�9�/,a#�=c(

 " � �� � �$# _ " �
� � �$# b " � �� � �%# � " � �� � �$# b � � v  � 9 � " �

� � �&# f � � L � � �
pq,1�/�B�/�.�E�/%.0.�<# w B� x w BC � 0J&i�/�.�ERU�����\=c%.0'�8�/,�!N0'#{@ B� xJ@ BC � �:�/���4,�0-�/���C�����",�!N0i*'!�,10)��! =	�/�.�
�����9���"�/!N0?�/,10.2i3:,1�/�.!N%.�:R'�9� 5[�@R'�9� 5 =c!N�����@x-�/�.,a#K�1�9��&�#��/!'� � b ( ����)+* p-,/.-0 ��21 � � � L�pq�.��0[�/�.�
#A()5w5?���/�",1�KR.%�5?*[#$��*'�9���9�/�9#T�"�.�MR'�9� 5�#�R)(6�/���M� 5w!�%.0-� � � t�x'�/�.�������"%'� ��&),;#A��� 0J��� � �R'���A3�����0?�"�.�7RU�<� 56#�,a#�2�,�H@��0?R)(w�/�.�7,�5w*.��,a��,~��#A!��1%.�/,1!�06! =

� � b � � t _ � � b � � t v @ B�
� �C� 0 � g&w B� �

���������� � � � � � � � f � � L ��� �
�����\�1%.5?,10.!@#A,��A(B#/���906�/�.���"��=c!��"�>#$�.!N%.�;&60.!��:R'�+,10)�"���/*��/���"�9&?��#:�+=c%.0'�8�/,�!N06! =��+R.%��e��#e�
=c%�0'���/,1!�07! =��/����,15?*.�1,;��,1�'#$!N��%.�",�!�0 � � ,�07!��C&)�����"!T���1,�5?,10'� �"���/�.�������9�8��! =��/�.��RU�<� 5,�IRU�<� 5
�-,;����L

�4&�&),��",�!�0J� ���1(F!N0.�?��� 0Q�C� �@�B������!�%.0-�+!9=:�"�.�iR'�9�95,�@R'�9�95 ����0J#\�90'&�,1��#7&),;#A�/%.�"R'� 0J���
!9=��/�.�MR'���C�w=c%�0'���/,1!�0�L7����,;#T�1�9��&.#e�/![�=c!-��%'#A,�0.26���"�/!N�7� �7�/���M,�0-�/���C�����",�!�0[*'!�,�0-�43:�.,a�r�
,a#T���'�9�����8�/���",�b��9&BR)(��43�� b v������5� �� � ��� � � � � 0'&��43 C b v6������� �C � ��� �"� � Le]�0 � �-&),1�/�9���",�!N0�x�"�.�7!�0.�7�"%.�/0656�9�/�/,1}i3:,1�/�6R'�9� 5[�@R'�9� 5 ����0'#�,a#�2�,1H@��0?R-(

 b " � �
v87�9 �� � #  t " � �

v87�9 �� � # f � � L ��� �
����,;#i�1�9��&.#B�/!��/� �  � b �/� �  �t � v �:3��4 �t ��� b � �8!@# � �Ng&w�B� � v �43�� @ B� #$,�0 � ��g&wmB� � �90'& � � b  �t � � b @ B� #$,10 � ��g&wmB� � LM�����MRU�����i=c%.0'���",�!N0P3:,��/�G�/���MRU�<� 5,�IRU�<� 5 �1��0'#T,a#T�/����0



� � � 	�
�� � �#
 +"�5� % �*�� � ���'���6� ���'� � �  + � � �

2N,�H@��0?R-(4@ B��� � b  ��� � a ��v X �� �"� �  � Z � ���<��&),10.2M�/!

�x@ B� ��� �"� � b @ B��� � v @ B�
@ B� b #$,10 � �Ng&w B� �a � v X ��!@# � �Ng&w B� � v 7�9 �� @ B� #$,10 � �Ng&w B� � Z �

v �

b �
a ��v � 7�9 � ( ��� � � _ 7�9 � ( ��) * p-, � . 0 �� 1 v � f � � L ��n �

�K=c�"���6�/�.�G!9H@���/�a� * RU�<� 5 #$,�b��9#0����� 0'&�� C �'��H@�GR'����0 &)���/���/5?,10.�9& R-( � *�*.��(-,�0.2
5?���/�.!-& � � � �"!��"�.�6��%.5?,10.!@#A,��A(P#"��� 0 &.� �C�F3:�.,;�����'��#MR'����0|��!N�/�/�<���/�9&P=c!��M�/���SR'�9�95,�
R'�9�95 �),a����x@!�0.����� 06�"�.��06%'#$�>�/�.�7*.�"!��"!�0F��5?,��"��� 0J���9#�!�R.�C� ,10.�9&i=c�/!N5 �"�.�73:,��"�7#/���90.0.���
�"!B��!�5?*�%.�/�4�"�.�=QUS{��5w,��/�C� 0'�8�9#�R)(

` B� b � �� v @ a� ` a �
@ B� X � _ �"@ B� � � � � � Z � � L � f �

�90'&QR)(G�/�.�[��!N�/�"�9#$*'!�0J&),�0.2G�9l@%'� �",�!N0�=c!��M�"�.� � �m&),��"�9���/,1!�0�L�jJ!N�M�A3�! <E� %'#"#$,a� 0�R'�9�956#
3:,1�/�B! H@���/�;�9*MR'�9� 5 #A,�b��9# ���7� 0'& � C 3:�.,a�r�w&)!70.!��O�r�J� 0.2N�4&)%��/,�0�2\�"�.�e��%.5?,10.!@#A,��A(7#"��� 0�x
�9l@%'�9�/,�!N0 � � L � � �1�9��&.#:�/!

V � ] � � � � b �� � a � B �
��g ����� C

Q 9 3 � ��54 �� f � � L � � �
�4#"#$%.5w,�0.2P�"�.��Q S ��5?,��"���90'���9#4=c�/!�5 �9l@%'�9�/,�!N0 � � L � f � �/!QR'�[,�0-H��9�/,a� 0-�B&)%.�/,10.2Q�"�.�6��%)u
5?,10.!@#A,��A(M#"��� 0�x.R.%.�:��� �),10.2M�/���\HN�9�/(-,�0.2MR'�9�95,�@R'�9�95 ����0J#�,�0-�/!������8!�%.0-�:�/�.���/��=c!N�/�4�1�9��&.#
�"!

V � ] � � � � b �� � a � B �
��� � � � � � C � � � � ��})* � v � � �

� ��� � � � � � � � � � L � � �
��� � � � � b ^ ` a � @ a� _ ` B� @ B� X � _ �x@ B� � � � � � � Z � � � L � � �
� C � � � � b a ` a C @ aC _ ` BC @ BC X � _ �"@ BC � � � � � � Z f � � L ��W �

���.,a#T&),~�����/��0J���7RU���$3�����0[�/�.�>*.�;�9,�0�<E�9%'#/#A,;� 0P�1%.5?,10.!@#A,��A(?#"��� 0G�8%.�/H@�>� 0J&S�9l@%'� �",�!N0
� � L ��W � ,;#40.!��M�C� �@��0G,�0-�/![�N����!�%�0)�>3:�.��0P�'�/�",�0.2�� <E� %'#"#$,a� 0��/![��%.5?,10.!@#A,��A([#/���90�&.�9���)L
��!|��!��"�/�9���B=c!��F�"�.�G&),~�z���/��0'�8�PRU���$3�����0q�9l@%'�9�/,�!N0 � � L � � � �90'& � � L ��W � x4�"�.,;#6&),~�����/��0J���
,a#M#$%.R.�"���N���/�9&�=c�"!�5��"�.�6#$*'�9�8,v���?��%�5?,�0.!I#$,1�$(�&.� �C�)L|���.�6!�R.�C� ,10.�9&�&.� �C�{*'!N,�0-��#+3:�.,a�r�
�9�/�P0.!93 �8!��/�"�9���"�9&k=c!N�S�"�.�PR'�9� 5[�@R'�9� 5 �),a���|�90'& =c!N�6�/�.�PR'�9�95,�@R'�9�95 ����0'#?#$��!�%.�a&
R'�P&-�9#/���",�R'�9&�RU���/�/���iR-(|� <E� %'#"#$,;�90q�/�'�90q�/�.�[!��",�2�,10'� �t&.� �C�)L j_,�0'�9����(s�/�.��#$���90'&.�9��&
&)��H),a� �/,1!�0>! =��/�.� <E� %'#"#$,;�90�J�/�/�<&+�/!4�"�.�9#$��56� 0�,�*.%.�a� �"�9&+&.�9���T*'!N,�0-��#`,a#`%'#$�<&+�/!7��!N5?*.%.�"�
�"�.�7! H@���/�;�9*?R'�9� 5h#A,�b��9#�R)(w�/�.�75?���"�.!-&.# � � � L���.�[RU�<� 5,�IRU�<� 5 =c!N�����9#B� 0J& �/���P#$�"�/��0�2��/�|! =7�"�.�FR'�9�95,�@R'�9�95�����0'#+3:,��1�:0.!93 R'�
��!N5?*.%.�"�9&zLBpq,��/� � b � �� v�� �C � 0'& � � ( � C !N0.�?!�R���� ,10'#+�/���=c!N����!93:,10.2P&)���/,�HN�9�/,�H@�<#
!9=��"�.�+R'�9�95,�@R'�9�95�*U!N�/��0-�/,a� ��,10F�9l@%'�9�/,�!N0 � � L V � 3:�.,;���F3:,1����R'�M%'#$�<&F�/!6&)���/���"5?,�0.�E�/�.�



� � � ��
��	�����	�	 ���}	U� � �2	��A��� � ��� o � �5� � � ��o �$�D�
	 ��	

R'�9�95,�@R'�9�95 �-,;���.#�� 0J&S�/���\HN�9�/(-,�0.2BR'�����\=c%.0J���/,1!�0'#8�

� �
� y C�� t b v � � �
t

Q 9 � ���� 8 ��5�2�
	��
^ � �� a _ � � ^ � �C a _ � # ��f b v �

� �8 ��t
Q 9 � �� �

� ��v �
� # � � � L ��V �
b v �

�
Q 9 � �� 3

� �

8 ��8 ��

Q � �� 3 �� � # � b v4�
� �
�
Q 9 � �� 3

� �� � 3
�� � 3 8 �8 �

Q � � # ��f
� � L � � �

pq,1�/�4�"�.�����/�"!��z=c%.0J���/,1!�04���A= �%� � b �� . ( �t ��}-* � v � � ��# � � 0'&43:,1�/�7���$� �%� � b �� . ( �t ��})* ��� � ��# ��"�.,;#��1�9��&�#��/!

� � � y C�� t b v � �Ng
�
Q 9 � �� 3 X ���$� � �� � � � v ���A� � �� � �

� C� � � Z �� �� � y C�� t b � ��g
�

�
�
Q 9 � �� 3 X ���$� � �� � � � v ���$� � �� � �

� C� � � Z�v
�
�

X ��v Q 9 � ��58 �� � C� � Z � � � L �A� �� C � y C�� t b � � � � L ��� �� �C � y C�� t b v � �8 ��t
Q�9 � �� �

� � v �
� � # � b v �� � �
�
�
Q 9 � �� 3

� �� � 3
�� � 3 8 �8 �

Q � �
� � # � � � L ��n �

b v �� � �
�
�
Q 9 � �� 3 u X:v

Q �
� # � Z �� � 3�� � 3 8 �8 � _ � � �� � 3

�� � 3 8 �8 �
Q � � # � x

b v � �Ng
�

�
�
Q 9 � �� 3 X ���A� � �� � � � v ���A� � �� � �

� C� � � Z�v
�
�

X Q 9 � ��58 ��
� �
� C
v ��Z f

��,1�/�.����R)(��i#A,�5?,1�;� ��,10)�"��2��C� �/,1!�06!��:R-(?%'#A,�0.2�� ���A� � v � � � b ���$= �%� � !N0.�7!�R.�C� ,�0J#� �:� y � � t b � � � � L � f �� �� � y � � t b �
� �

� g
� � � Q � �� 3 X ���A= � �

� � �
� �
� C �
v ���$= � �

� � � � Z _ Q
9 � ��58 �� � C� � v � � � � � L � � �� C � y � � t b v � �Ng

�
Q � �� 3 X ���A= � �

� � �
� �
� C �
v ���A= � �

� � � � Z � � � L � � �� �C � y � � t b v �
� �

� g
� � � Q � �� 3 X ���$= � �

� � �
� �
� C �
v ���A= � �

� � � � Z _ Q
9 � ��58 �� � �� C

v � � f� � L � � �
�����?��� *.�a�����B�9l@%'� �",�!�0P=c!��7�"�.�M*.�/!<D/�9���/�<&F�����9�8�/�/!I#$�C� �/,a�+*'!��/��0)�",;� �	! =:�"�.�M*.�"!��/!N0QR'�9� 5
3:,1�/�[���'� �"2��	�6*'���:%.0.,1�:����0.2N�/�6,;#�,15?*.�1,;��,1��,�06�/���9#$�4=c!��"5i%��;��#�&)%.�7�/!

� � �� _ � �C � �
f g�
 t � ��� �"� � y � � t b v �

f g�
 t
�

� � � C
Q 9 � ��58 � b v �
 t

� �
9
� � � � �"���"! ��# ! f � � L ��W �

bJ"10 %�&�')($*,+.-H( 032 � F>C.* 4 + 7 0ze,< L � M N O 0H( F>-
� ��%.5?,10.!@#A,��A(M#"��� 0[3:�N#�*U���$=c!��"5?�9&B� �e�/�.�SW]�{X7�?&-���/�9�8�/!���3:,��"�S�"�.�7��%��/�/��0)�O��� o !�*��/,;��#
��=c�/�����"�.�T*��/!��"!�06R'�9� 5�3O��#���!�5?*������"����(>#$��*'� �C� �/�<&=c�/!N5��/�.�cQUSSR'�9� 5 ,�0B�/����� � ��}-*'���$u
,15?��0-��LE���.�M*.�/!N�/!N0Q��%��/�/��0)�43O��#4!�0���( nNV L � 5{� � 0'&P�/�.�M5w�9��#A%.�/�9&6*.�/!N�/!N0���5w,��/�C� 0'�8�9#



� ��� �����	��
���������V	 +��'
 % �  �*�$� �@� o ��( �*� +#� � �

3����/��f~@ ^d`1a� b ��� 5w5�5w����&>� 0'&+f @_^>`1a C b � fN5?5�5?���N&zL_���.�:0.!�5w,�0'�9�)R'���C�K=c%.0'���",�!N0'#�� �
�"�.�4��}-*'���/,15?��0-�`3����/�D@da� b � 5PxJ@daC b �gf �95PxJ@ B��b � f V 5PxJ@ BC b �gf � 5�L����.�T=c�C�����",�!N0'� � QTS
�"%.0.�9#�3����"�:��!N0)�"�/!N�����<&\R-(+�e*.�'��#A�:��!-���@�9&\�1!@!�*B#A(.#A�/��5��/! �)L � f � ,�0>�/�.���.!��",�b�!N0)�C� �'�90'&+�/!
�-L �A�@� ,106�/�.�4H@���/�/,a��� ��*.�;�90.�@L����.�7*.�J��#$�7�1!-���@�9&B��!@!�*[�/��2N%.�;�9�/�9#��"�.�>��!������/��0-��=c�"�9l@%.��0'��(
!9=z�"�.�:R'�9� 5 � #_&),�*'!��1��5?!N5?��0-��LE�E#`&)���/,�H@�<&\,�0 X �-x W Z �"�.,;#�=c�/�9l@%.��0'�8(4,;#��9*.*.�"! }-,�5�� �/����(4R-(
�'�9�v=_�"�.�4R'�9� 5[�@R'�9� 5 �/%�0.�4#A�.,v=c�C#���!93������"�'� 06�"�.�T�"%.0.�9#�3:,1�/�.!N%.���"�.�4R'�9�95,�@R'�9�95�=c!N�����
wmB� �90'& w�BC LFpq,1�/�Q�"�.�?�/%�0.�?#A�.,v=c�>*'� �C� 5?���/���7! = � w�B��b v6������� �� � � � � � � ( ��� . b � f ��� fI�
�90'& � wmBC b v6������� �C � � � � � � ( ��� . b � f � � f.x��/�.�>�/%.0��9#K=c!��E�/�.�+=c!N����!93:,10.2?#A,�5B%.�;�9�/,1!�0'#�3����/�
�"�.���/�8=c!��/� w�B� b �gf � fNf6� 0J& w�BC b � f �A��W L���.���/�9#A%.���",�0.2eR'�9� 5,�IR'�9� 5 �-,;���.#��90'&M&),;#A�/%.�"R'� 0J���9#�! ='�"�.��R'���C�K=c%.0'���",�!N0'#`�9�/�e#A�.!93:0
,10��J2�%.�"� � L � L

-0.6 -0.4 -0.2 0 0.2 0.4 0.6
-0.01
-0.005

0
0.005
0.01

0.015
0.02

� � � 5?5 �
-0.1 -0.05 0 0.05 0.1

-0.005
0

0.005
0.01

0.015
0.02

� � � 5w5 �
��� � � � + .�.0-�1�� 5NI"C 9<IBO<P�CB=D?J>6@�K(965 CU?�CQ465 O 5NPA; #�O 5NPA;j5 L�5�T�C�K(9<I"=:> �ZC 465 7:9<;�=:>6?A@U=VC"E @UTNPA> F ?JICQ465��%� o ?JY6CU=VT�@]\ 2�465 O ?ACBCB?6;jTN9<I��A5�@�K<5�@BTNIc=[O 5ZCQ465�O<5NPX; #�O<5NPX; $X=DT $X@���� ��� 
HO67:965 � PA>6K���� ���

HO67:P�T $ �#=:> ; ;�\ 2�465n46=��J465�@UC 
HIc5�K���PA>6KhCQ465Z@U5�T�?J>6K 46=��J465�@BC 
 �JI"5�5N>��#TN9<I��A5�@GK<5�@BTNI"=:O<5mCQ465I"5�7:P�CB=��A5�T�4<PA> �A5 ?�F*CQ465�O<5�CQP F 9<>6T�CB=D?J>6@	��
 BC PX>6K��
 B� I"5�@QY<5�T�CU= �X5�7VEA\

���.�e&.�9���7! =��/�.�e�.!N�/,�b�!�0-��� �J� 0'&M�/�.�:H@���/�/,a��� �@�1%.5?,10.!@#A,��A(7#/��� 0B,;#`2N,�H@��0MR-(+�"�.�:*'!�,�0-��#
,10S�"�.�4�'��#A�T�A3�!i2N��� *��'#T! =_�'2N%.�/� � L � xU3:�����/�7�/���+��%�5?,�0.!I#$,1�$(M,a#:#$�.!93:0���#4�+=c%.0'���",�!N0S!9=
�"�.�>� 5?*.�1,��"%'&)�9# � � t � 0J& � � t ! =��"�.�>#$(-5?5?���"�/,;��R�%.5?*?3:�.,a�r�6,a#�%'#$�9&6�/!w#$��*J� ���9�/�>�/�.�
�A3�!MR'�9�956#�L

���.�:%.*�*U��� � 2��"����0 � �8%.�/H@�O#$�.!93e#��/�.�:�1%.5?,10.!@#A,��A(T3:��,;���M3�!�%��;&+R'�:��}-*U�<���/�9&+R-(7�9l@%'�<u
�",�!�0 � � L � � � 3:�.��0 � � �90'& � C � �"�B��!�5?*�%.�/�9&?R-(65?���/��!-& � � � xz3:�.���"�9��#T�"�.�+�1!93���� � �"�9& ���%��/H@�B#$��! 3e#7�/�.�w��%.5?,10.!@#A,��A(63:�.,;���P3�!N%.�;&GRU�B��}-*'�9���/�<&{3:�.��0�5?���/�.!-& � R � 3:�N#\%'#A�9&zL
j.!�� <E� %'#"#$,;�90�R'�9�956#\�"�.�6�$3�!F5?���/�.!-&.#>#$�.!N%.�;&Q�1�9��&Q�/!P�<lm%.,1HN� ����0)�7�/�<#$%.�1��#+�90'&Q�/�.��,��
&)��H),a� �/,1!�06#A�.!93e#T�/�J� �:�/���\�1%.5?,10.!@#A,��A(B#/���90F,a#�0.!��_D/���:��H��9��%'�9�/�9&?,10F�B#/�9�/,a#�=y���8�/!��"(63:��(@L

���.�>0.��}-�:�$3�!i2N���9*.�'#T,10��J2�%.�"� � L � #A�.!93 �/���+��}-*'�9���/�<&��1%.5?,10.!@#A,��A(+=c!��e5?���"�.!-& � � ��90'&F5?���"�.!-& � R � 3:�.��0G�9*.*.��,1�9&?�/!?�"�.�M&�� ���B3:�.,;���F�'�N#TR'����0���!��"�/�9���"�9&i=c!��4�"�.�+R'�9�95,�
R'�9�95 �-,;����LE�TR'!9H@���"�.��2��"����0M�8%.�/H@���"�.���"��,a#`�:�'�9��&)�1(\H-,;#A,�R.�1��R.�1%.����%.�/H@��3:�.,a�r�>&)�<#/���",�R'�9#
�"�.�+��}-*'�9���"�9&?��%.5?,10.!@#A,��A(B3:,��/���iR'�����M=c%.0'���",�!�0[3:�.,;���P���'�90.2��9#e&)%.�",�0.2w�/�.�>��%.5?,10.!@#A,��A(
#"��� 0[&)%.�E�/!M�/���4R'�9� 5,�IR'�9� 5 ����0J#�L�]^0?�/��,;#�����#$�E�/�.�>&),~�z���/��0'�8�T,a#�H@���"(B#$56�9����� 0'&?3:�.��0
�"�.,;#������9����,a#�#A%.R.�"�����8�/�9&+=c�/!N5 �"�.�4&�� ���7R'��=c!��"�T!NR.���9,�0.,10.22���7�90'& � C �"�.�4�8%.�/H@�9#��'�9��&)�1(
���'� 0�2��@x��N#i#A�.!93:0 ,10Q�/���S�a��#A�M�$3�!P2��C� *.�'#+!9=4�'2N%.�/� � L � Ls���.�hQUS���5?,1�/���90'���9#T�'0J� ���1(
!NR.���9,�0.�9&?R-(?5?���"�.!-& � � � � �/�

` B��b �@� 0.5 � ` C �3`I� b �m� f � � L ��V �
���.�>0.!�5w,�0'�9����5?,��"���90'���4,a#T!�0.�1(6f � 0�5PL'���/!@!6�1! 3Z
TjQ=c�/�9l@%.��0'�8(?�'��#eRU����0P5?�9�N#$%.�"�9&



��W � ��
��	�����	�	 ���}	U� � �2	��A��� � ��� o � �5� � � ��o �$�D�
	 ��	

R-(?HN� �",�!N%'#T5?���"�.!-&.#e��#T�"��*'!��"�/�9&6,�0 X V x � � Z �90'&P� 0P��5w,��/�C� 0'�8�4! =��@� 0.5���!��"�/�9#A*'!�0'&F�"!
�90M
Tj�=c�/�<lm%.��0'��(B3:�.,;���6,;#�R-( ��� ���Tb7�/!@!w��!937L

-0.75-0.5-0.25 0 0.25 0.5 0.75
0

2

4

6

8

� � t � 5w5 � -0.1 -0.05 0 0.05 0.1

2

4

6

8

� � t � 5?5 �

-0.75-0.5-0.25 0 0.25 0.5 0.75
0

2

4

6

8

� �h� 5w5 � -0.1 -0.05 0 0.05 0.1
1
2
3
4
5
6
7
8

� � � 5?5 �

-0.75-0.5-0.25 0 0.25 0.5 0.75
0
1
2
3
4
5
6
7

� �h� 5w5 � -0.1 -0.05 0 0.05 0.1
1
2
3
4
5
6
7

� � � 5?5 �
��������� + .�./.z1 2�465 7:9<;�=:>6?A@U=VC"E @BTNPA> P�C���������FH?JI#CQ465 �%� o ?JY6CB=DT�@N\ ��5 FHCN1�2�465 46?JI"=���?J>XCQP�77[9<;R=[>6?X@B=DC E @BTNPA>�\	�
=��J4AC]1 2�465 �A5NI"CU=VTNP 7 7:9<;�=:>6?A@B=DC"E @UTNPA>�\Z2z?JY�1�CQ465G7[9<;R=[>6?X@B=DC E K(P�CQP 
 K<?ACB@ �PA>6K P�
8PX96@B@B=:PA> �(C 
HO67:P�T $ �8CU?%�A5�CQ465NI���=VC 4 CQ465�7:9<;�=:>6?A@B=DC"E 
�JI"5�5N>��
9<Y<Y<5NI#TN9<I��A5 ��5 �<Y<5�T�CU5�KOAEm5��<9<P�CB=D?J> 
 �<\��� � ��465N> ?6O6CQP�=:>6=:> ��� � PA>6K�� C OAE ;�5�CQ46?6K 
HP%��F I"?J; CQ465 ��=DK<CQ4 ?�F�C 465��(CPA>6K�C 465�7:9<;�=:>6?A@B=DC"E 
HI"5�K �A7D? �
5NI&TN9<I��A5 �35 �<Y<5�T�CU5�KZOAE 5��<9<P�CB=D?J> 
 �<\���%����465N>G?JO6C P�=:>6=[> ��� � PA>6K
� C OXEn;R5�CQ46?JK 
HO���FSIc?J;�CQ465�PAIc5NP�9<>6K<5NI�CQ465��(C]\��m=DK<K<7V5A1�2�465 T�?6IBI"5�@QY ?J>6K<=:> � TN9<I �A5�@ P]FHCB5NIT�?JIBI"5�T�CB=:> �mFH?JI CQ465�� PAIcEJ=:> ��O<5NPA; #<O<5NPA; $X=DT $ \�2�465�TN9<I��A5 
SO67[965 �R@B7D= �64ACB7DE PAO ? �A5�C 465�TN9<I��A5FSI"?6; ;�5�CQ46?6K 
HP � P�K<K<=DCB=D?J><P�7D7DEGT�?J>AC P�=:>6@ C 465�5 L�5�T�C ? F C 465 ��PAI"E6=[> � O 5NPA; #�O 5NPA; 7D5N>6@N\ 	&?ACBCB?J; 12�465�T�?JIBI"5�@ Y<?J>6K<=:> �GTN9<I��A5�@�P]FHCB5NI
T�?6IBI"5�T�CB=:> ��FH?JI
CQ465$��PAI"E6=:> � O 5NPA; #�O 5NPA; 7D5N>6@N\

]^0P�/���i�a��#$�7�A3�!62N��� *��'#�x��"�.�?�8%.�/H@�9#:=c!��75?���"�.!-& � � � �90'&�5?���/�.!-& � R � � 2��"���B5i%'���
R'���"�/���6�"�'� 0 ,10 �/���{�'�C#$�[�$3�!�2N��� *��'#�x>&)��5?!N0'#$�"���9�/,�0�2 �"�.�Q,15?*'!��/�C� 0'�8�P! =B,�0J����%'&-,�0.2
�"�.�6���'� 0�2�,�0�2PRU�<� 5,�IRU�<� 5 �-,;���G&)%.�",�0.2P�"�.�?��%�5?,�0.!I#$,1�$(�#/���90�L �e0.�[���90��/�/(G�/!P5�� �@�
�90�,10'��!N�/�/�<���/�1(?5?�9�N#$%.�"�9&F*.�/!N�/!N0���5w,��/�C� 0'�8�\�"�9#$*'!N0'#$,1R.���M=c!��4�"�.�B�/��56�9,�0.,10.2M5?,a#$56�9�����
R'���A3�����0P�/���M�$3�!65?���/��!-&.#�LB��!F,�0-H@�9#A�/,�2I� �"�M�/�.�B#A��0'#$,1�/,1H),1�$(6!9=e�/�.�B��%��/H@�9#T�"!F�"�.�i*��/! u
�"!�06��5?,1�/�C� 0'���Ix `1a � �90'&h`1a C 3����"�4HN� �",��9&?%.0-�/,1�z�/���\R'�9�95,�@R'�9�95 =c!��C���73:�N#T#A!?#A�/�/!N0.2B�/�'�9�



� ��� �����	��
���������V	 +��'
 % �  �*�$� �@� o ��( �*� +#� ��V

5?���/�.!-& � � � � 0'& � R � �1�9��&Q�"!P�9lm%�,�HN� �1��0)�>��%.5w,�0.!I#$,��A(G#"��� 0|��%.�"H@�9#M��#M#A�.!93:0�,10k�J2�%.�"�
� L n LE���.�M*.�"!��/!N0���5?,��"��� 0J���43:�.,a�r�[�'��&F�"!?R'�B��#/#A%.5?�9&63:�N#Tf~@ ^>`1a� b V 5?5 5?���N&F� 0J&
f @_^>`1a C b V 5w5 5?�C��&zL�����,;#:#$��! 3e#�=c!��e!�0��\*J� �/�e�/�J� �e�/�.�>��%.�"H@�9#��9�/�70.!N�TH@���"(?#A��0'#A,��/,1H@�
�"!?�/�.�M*��/!��"!�0Q��5?,��"��� 0J���45?�9�N#$%.�"��5?��0-�:�90'&P�/!6�/�.�M!N�/�.���4*'� �"�7�/�'�9�\�"�.�M5?,a#$56�9���/�6,�0
�"�.�6��%.�"H@�9#7��� 0s0.!��MR'�6&)%��?�/!G�90 ,10'��!N�/�/�<���75?�9��#A%.�/��5?��0-�T!9=e�/�.�?*��/!��"!�0���5?,1�/�C� 0'���<#
#A,�0'���E�/�.�9#A�>� �/�>�����/���9,�0.�1(i0�!��E��#e#$56�9�����N# V 5?5 5?�C��&zL

-0.75-0.5-0.25 0 0.25 0.5 0.75
0

2

4

6

8

� � t � 5?5 � -0.1 -0.05 0 0.05 0.1

2

4

6

8

� � t � 5?5 �

-0.75-0.5-0.25 0 0.25 0.5 0.75
0

2

4

6

8

� � � 5?5 � -0.1 -0.05 0 0.05 0.1
1
2
3
4
5
6
7
8

� ��� 5?5 �

-0.75-0.5-0.25 0 0.25 0.5 0.75
0
1
2
3
4
5
6
7

� � � 5?5 � -0.1 -0.05 0 0.05 0.1
1
2
3
4
5
6
7

� � � 5?5 �
��� � � � + .�.#"�1 2�465Z7:9<;�=:>6?A@B=DC"E @BTNPA> P C � � � � F ?6I CQ465 �%� o ?JY6CU=VT�@ ��465N> P @B@Q9<;�=:> ��9<><I"5NP�7

�=D@BCB=DTNP�7D7DE @Q; P 7V7�Y<I"?XCB?J> 5N;�=DCBCQPX>6T�5�@ ?�F��A; ; ; IBP�K�\ ��5 FHCN1Z2�465Z46?JI"=���?J>XCQP�7
7:9<;�=:>6?A@B=DC"E @BTNPA>�\
�
=��J4XCN1Z2�465 �A5NIcCB=DTNP�7�7:9<;�=:>6?A@B=DC"E�@BTNPA>�\�2z?JY�1�CQ465�7:9<;�=:>6?A@B=DC"E�K(P�CQP 
0K<?XCB@ ��PA>6K P	
 PA96@B@B=:PA>
�(C�
HO67:P�T $ � CB?%�A5�CQ465NI ��=DCQ4 CQ465�7:9<;�=:>6?A@B=DC"E 
�6I"5�5N>��(9<Y<Y<5NI�TN9<I��A5 � 5 ��Y 5�T�CB5�K OXE�5���9<P CB=D?J> 
 �<\�� �%�
��465N>m?JO6C P�=:>6=[> ��� � PX>6K � C OAE ;�5�CQ46?6K 
HP ��FSI"?6;�CQ465 ��=DK<CQ4 ?�F�CQ465��(C�PA>6K CQ465 7:9<;�=:>6?A@U=VC"E

HI"5�K �67D? � 5NI TN9<I��A5 �
5 �<Y<5�T�CB5�KmOAEG5��<9<P�CB=D?J> 
 �<\���%� ��465N>�?6O6CQP�=:>6=:> � � � PA>6K�� C OAE�;�5�CQ46?6K 
HO��FSIc?J;jCQ465�PAI"5NP 9<>6K<5NI CQ465 �(C]\ �m=VK<K<7D5A1�2�465GT�?JIBI"5�@ Y<?J>6K<=:> �mTN9<I��A5�@ P]FHCB5NI�T�?6IBI"5�T�CB=:> � F ?6I�CQ465
� PAIcEJ=:> � O<5NPA;�#�O<5NPA; $X=DT $ \ 2�465�TN9<I��X5 
HO67:965 �
PAO ? �X5�CQ465�TN9<I��A5�F I"?J; ;R5�CQ46?JK 
HP%�&P�K<K<=DCB=D?J><P�7D7DET�?J>XCQP�=:>6@8CQ465G5 L�5�T�C�?�F�CQ465 ��PAI"E6=:> �nO 5NPA; #�O 5NPA; 7D5N>6@N\ 	&?ACUCB?J;�1�2�465GT�?JIBI"5�@QY ?J>6K<=:> �mTN9<I��A5�@P]FHCB5NI&T�?JIBI"5�T�CB=:> �#F ?6I C 465$� PAI"E6=:> � O 5NPA; #�O 5NPA; 7V5N>6@]\



� � � ��
��	�����	�	 ���}	U� � �2	��A��� � ��� o � �5� � � ��o �$�D�
	 ��	

bJ"'& %�&�')($*,+.-H( 032 � F>C.* 4 + 7 0ze,< 7 � M N O 0H( F>-
j.!N���/�.�e��%�5?,�0.!I#$,1�$(t#/���90i*'���A=c!��/5w�9&\=c!����/����� � o !N*.�/,a��#`�"�.�T*��/!��"!�0w��%.�"�/��0-��3:�N#����)L ��5{�
�90'&S�"�.�7*.�/!N�/!N0F��5?,1�/�C� 0'���<#�3����/�75?�<��#$%��/�9&i�"!iR'�>f~@ ^d` a � b � � 5w5 5?���N&?� 0J&Sf~@ ^>` a C b� ��5?5h5?���N&zLB���.�B0.!�5?,10'� �	RU������=c%�0'���/,1!�0'#7�9�+�/���i,10)�"�����N���/,1!�0P*'!�,10)�73����/��@ a� b � 5Px
@ aC b � f � 5Px'@ B� b � 5�x&@ BC b �gf ��5PLe���.�\=c�C�����",�!�0J� ��Q S �/%.0.�<#K3����/�>� 2I� ,10Q��!N0)�"�/!N�����<&�R-(
�?*.�J��#$�B��!-���@�9&F�1!@!�*�#A(.#A�/��5h�/!/�-L � f � ,10P�/�.�B�.!N�/,�b�!�0-��� ���90'&{�"!/�-L �A�@� ,10P�/�.�BH@���/�",;���9�
*��;� 0��@L�pq,1�/�[�/�.�7�/%�0.�M#A�.,v=c�:*'�9���95?���/���:! = � w�B��b � f �����B� 0'& � wmBC b � f � �Nn xz�"�.�7�/%.0.�<#
=c!N�:�/�.�4=c!N����!93:,10.2B#$,15i%.�a� �",�!�0J#�3����/�4�"�.���/�8=c!��/� wmB��b � f � f@�B� 0J& w�BC b � f ���N� L���.�>R'�9� 5,�IR'�9� 5 �),a����#:� 0'&F�"�.�M&-,;#$�"%.�/RJ� 0'���<#T! =��/���+R'�����M=c%.0'���",�!�0J#4� �"�M#$��! 3:0G,�0
�J2�%.�"� � LYf�L

-0.6 -0.4 -0.2 0 0.2 0.4 0.6

-0.01
0

0.01
0.02
0.03

� �h� 5w5 � -0.1 -0.05 0 0.05 0.1

0

0.01

0.02

0.03

� � � 5?5 �
��������� +�.z.��*1 � 5NI"CQ9<IUO<P�CB=D?J>6@�K(965 CB?GCQ465 O<5NPX; #�O<5NPX;j5 L�5�T�C�K(9<I"=:> �ZCQ465�7:9<;�=:>6?A@B=DC"E @BTNPX>�FH?JICQ465�� � o ?JY6CB=DT�@N\ 2�465 O ?ACBCB?J; TN9<I��A5�@�K<5�@BTNI"=:O 5ZCQ465�O<5NPA;�#�O<5NPA; $X=DT $X@���� ��� 
HO67:965 � PA>6K�� � ���

HO67:P�T $ ��=:> ; ;�\ 2�465m46=��J465�@BC 
HI"5�K��GPA>6KhCQ465Z@B5�T�?6>6K 46=��J465�@BC 
�6I"5�5N>���TN9<I��A5�@GK<5�@BTNI"=:O 5 CQ465I"5�7:P�CB=��A5�T�4<PA> �A58? F*CQ465 O 5�CQP F 9<>6T�CB=D?J>6@	�
 BC PA>6K���
 B� Ic5�@QY<5�T�CB=��A5�7DEA\

���.�[��%��/H@�9#4=c!��w�{�1%.5?,�0�!@#$,1�A(P#/��� 0�3:,1�/���/��� � ��o !N*.�/,a�?,�0��/�.�oW]��X �s&)���"�9���"!��M,�0
�J2�%.�"� � L �6&)!60.!N�756� �C�r�[�/�.�B��%.5w,�0.!I#$,��A(6#"��� 0s&.�9���6��#43������	��#T=c!��7�/���?�@� o !N*.�/,a��#TR.%��
�92@�9,�0�,��>,;#M� *�*'� �"��0)�M�"�'� �B�P�8!��/�"�9���",�!�0Q=c!N�M�/�.�?R'�9�95,�@R'�9�95 �-,;���P,;#\5�� 0'&.�9�/!N�/(��90'&
�"�'� �e�B��!N�/�/�<���/,1!�0?=c!��:�"�.�>�r�'�90.2��>! =	�/�.�>R'�9� 5,�IR'�9� 5 �1��0'#�! H@���:�/�.�7��%�5?,�0.!I#$,1�$(B#"��� 06,a#
0�!��4�"������HN�90)�E� �7�/���M2�,�H@��0/����
'�d*'� �C� 5?���"����#8L7���.� Q S ��5?,1�/�C� 0'���<#�3:�.,;���P!�0.�+�J0'� �1��(
!NR.���9,�0'#e� �"�

` B� b � � 0.5 � ` C ��` � b ��� � f � � L n � �
�e%.�/,10.2P�/�.,a#+��}-*U���/,�5w��0)�E�/�.�[��!N����,a#$,1!�0��9�M�/�.�M� � &)���/�9���"!��>3:��#M0.!N�B�<H@!N,;&)�<&�R.%.�B�/�.�
�1%.5?,10.!@#A,��A(6� �7�"�.,;#4��}-*'���/,15?��0-�:3:��# �@��*��7��!�0J#$���90)�>�9�+�656� }-,�5M%�5 HN� ��%��@LM���.,a#t�1�9��&�#
�"!6� 0s��&�&),��",�!�0J� ��&),;#A�/%.�"R'� 0J���M! =��/���[����
�Kuy�MR'�����i=c%.0J���/,1!�0'#T!9=e�9RU!N%.� n �h�N#\#A�.!93:0
,10?�'2�%.�"� � LYf.Le���.,a#K�8�z�<���:3�!N%.�;&6�/�.���"��=c!��"�>� ���1!93�=c!��E� 0[��5?,��"���90'���43:�.,a�r�6,a# n � �;�9�/2����
�90'&?�/�-%'#e����!I#$�����/!B�/�.�70.!N5?,�0'�9�zHN� �1%.�4!9= `MB��b n�n 0.5PL��T!93���H@����3:,��"�F�90/
ej�=c�/�9l@%.��0'�8(
3:��,;����,a#t5w!��/�B�/�J� 0 � �@���Tb?�"!@!P��!937x`�"�.�?��5w,��/�C� 0'�8�M#$��!�%.�a&�R'�S��H@��0P�;�9�/2����+�/�J� 0��/�.�
0�!�5?,10'� ��H��9��%.�IL

]^0��'2N%.�/� � L �G� 0��9l@%.,�HN� �1��0-�\�1%.5?,10.!@#A,��A(G#/���90�3:��#+*'���A=c!��"5?�9&Q�9�M�/�.�M� � &)���/�9���"!��
3:��,����E�/�.�7��%�5?,�0.!I#$,1�$(B�9�2W]��X �B3:��# �@��*.��56� }-,�5�� �^L_���.�7�"�9#$%.�1�/,10.2M��5?,1�/���90'���9#��9�/�

` B��b no� 0.5 � ` C ��`I� b �A� � f � � L nA� �



� ��� �����	��
���������V	 +��'
 % �  �*�$� � ��o ��( �*� +#� �A�

-0.6 -0.4 -0.2 0 0.2 0.4 0.6

1
2
3
4
5
6
7

� � t � 5?5 � -0.1 -0.05 0 0.05 0.1
2
3
4
5
6
7

� � t � 5?5 �

-0.6 -0.4 -0.2 0 0.2 0.4 0.6

1
2
3
4
5
6

� � � 5?5 � -0.1 -0.05 0 0.05 0.1
2

3

4

5

6

� � � 5?5 �

-0.6 -0.4 -0.2 0 0.2 0.4 0.6

1
2
3
4
5
6

� � � 5?5 � -0.1 -0.05 0 0.05 0.1
2

3

4

5

6

� � � 5?5 �
��� � � � + .�.��z1�2�465m7[9<;R=[>6?X@B=DC E @BTNPX> P C�� ����� F ?JIGC 465 � � o ?JY6CU=VT�@]\ ��5 FHCN1�2�465 46?JI"=���?J>XCQP�77:9<;�=:>6?A@B=DC"E @BTNPX>�\��
=��J4XCN1 2�465 �A5NIcCB=DTNP�7
7[9<;R=[>6?X@B=DC E @BTNPA>�\Z2z?JY�1�CQ465G7:9<;�=:>6?A@B=DC"E K(P�C P 
0K<?ACB@ �PA>6K P�
 PA96@B@B=:PA> �(C 
SO67[P T $ ��CB?%�X5�CQ465NI ��=DCQ4 CQ465�7:9<;�=:>6?A@B=DC"E 
�6I"5�5N>�� 9<Y<Y<5NI#TN9<I��A5 �R5 ��Y 5�T�CB5�KOAEm5��<9<P�CB=D?J> 
 �<\�� �%� ��465N> ?JO6CQP�=:>6=:> � � � PA>6K�� C OAE ;�5�C 46?JK 
HP%�WFSI"?6;jCQ465 ��=VK<C 4 ?�F�CQ465��(CPA>6KGCQ465�7:9<;�=:>6?A@U=VC"E 
HI"5�K �X7V? �
5NI&TN9<I��A5 �&5 �<Y<5�T�CB5�KZOXE�5���9<P�CU=V?6> 
 �<\��� � ��465N> ?6O6CQP�=:>6=:> � � � PA>6K
� C OXE ;�5�CQ46?6K 
HO���F I"?J;�CQ465�PXI"5NP�9<>6K<5NI CQ465 �(CN\��m=DK<K<7D5A1 2�465GT�?JIBIc5�@QY<?J>6K<=:> � TN9<I��A5�@ P F CB5NIT�?JIBI"5�T�CU=[> �nF ?JI CQ465 ��PAI"E6=:> � O<5NPA;�#�O<5NPA; $A=DT $(\�2�465�TN9<I��X5 
HO67:965 ��@B7D=��J4ACU7VE PXO<? �A5GCQ465�TN9<I��A5FSIc?J; ;�5�C 46?JK 
SP%� P�K<K<=DCB=D?J><P 7V7DEGT�?J>XCQP�=:>6@
CQ465�5 L�5�T�C&?�F�CQ465 ��PAI"E6=:> �RO 5NPA; #�O 5NPA; 7D5N>6@N\ 	&?ACBCB?6;�12�465�T�?JIBIc5�@QY<?J>6K<=:> �GTN9<I��A5�@�P]FHCB5NI&T�?JIBI"5�T�CB=:> ��FH?JI
C 465$� PAI"E6=:> � O 5NPA; #�O 5NPA; 7V5N>6@]\

��#$*'�9�8,;� �1��(?�"�.�+��5?,��"��� 0J���T�C� �",�!w� 2��"���9#T�C� �"�.���e3����1��3:,��/�6�"�'� �4!NR.���9,�0.�<&�=c!��e�/���+��%�5?,�0)u
!I#$,��A(w#/���90[� ��W]��X �JL.]^�:�9�;#$!B�92��"���9#�3������'3:,��"�?�/�.�E��� �",�!M!NR.���9,�0.�9&?R-(?#"�����9*.,�0�2M�/�.�4�C� ,1�;#
!9=e�/�.�hQUS|&),;#A�/�/,1R.%.�",�!�0s��#+�"��*'!��"�/�9&�,10 X �@� x ��� Z LSpG�?�"�.���/�8=c!��/�w��!N0'����%J&)�i�"�'� �M�"�.�B��%)u
5?,10.!@#A,��A(6! =e�"�.��� ��o !N*.�/,a��#\3O��#\*��/!�RJ� R.�1(P��!93����7�"�'� 0Q��})*'�9���"�9&PRU�<��� %'#A�i!9=e�/�.�B�;�9�/2N�
H@���"�/,a��� �?QUS?#$*'!��O#$,1b��e� ���/���:,�0-�/���C�����",�!�0M*'!N,�0-��L�]^0M=c%.�/%��/�:��}-*'���/,15?��0-��#z�/���TH@���"�/,a��� �-#A*U!N�
#A,�b��>#$��!�%.�a&FRU�M5w,�0.,15i,1b��9&BR)(65?�9�90'#�! =O&),a#$*'���C#$,�!N0P��!N�/�"�9���/,1!�0�� 0'&P&)�<��!�%.*���,�0�2iR.%�5?*'#
,101� �q
'�Kuy�@L

�T2I� ,�0w,���3:�N#:�r�.�<���@�9&73:�.���"�.���:�90?,�0J��!��"�/�9���"��(B&)���/���"5?,�0.�<&\*.�"!��/!N06��5?,��"���90'���e��!N%.�;&



�N� � ��
��	�����	�	 ���}	U� � �2	��A��� � ��� o � �5� � � ��o �$�D�
	 ��	

-0.6 -0.4 -0.2 0 0.2 0.4 0.6

1
2
3
4
5
6

� � t � 5w5 � -0.1 -0.05 0 0.05 0.1

2

3

4

5

6

� � t � 5?5 �

-0.6 -0.4 -0.2 0 0.2 0.4 0.6

1
2
3
4
5

� �h� 5w5 � -0.1 -0.05 0 0.05 0.1

2

3

4

5

� � � 5?5 �

-0.6 -0.4 -0.2 0 0.2 0.4 0.6

1
2
3
4
5

� �h� 5w5 � -0.1 -0.05 0 0.05 0.1

2

3

4

5

� � � 5?5 �
��������� +&.�.��z1*2�465
7:9<;�=:>6?A@B=DC"E�@BTNPA>�P�C 	!�&FH?JIzCQ465 ��� o ?JY6CU=VT�@]\ ��5 FHCN1*2�465�46?JIc= ��?6>ACQP 7J7:9<;�=:>6?A@B=DC"E@BTNPA>�\ � = �64ACN132�465 �A5NI"CB=DTNP�767:9<;�=:>6?A@B=DC"E�@BTNPA>�\*2z?JY�1zCQ465 7:9<;�=:>6?A@B=DC"E�K(P�CQP�
0K<?ACB@ ��PA>6K P�
8PX96@B@B=:PA>
�(C�
HO67:P�T $ �
CU?%�A5�CQ465NI ��=DCQ4 CQ465�7:9<;�=:>6?A@B=DC"E 
�JIc5�5N>��(9<Y<Y<5NI�TN9<I��A5 �
5 �<Y<5�T�CU5�K OXE�5��<9<P�CB=D?J>"
 �<\��� �
��465N> ?JO6CQP�=:>6=:> � � � PA>6K�� C OXE8;�5�CQ46?6K�
HP%� F I"?J; CQ465 ��=DK<CQ4 ?�F(CQ465 �(C PA>6K8CQ465
7:9<;�=:>6?A@B=DC"E�
HI"5�K �7V? �
5NI&TN9<I��A5 �
5 �<Y<5�T�CU5�KnOXEG5���9<P�CU=V?6> 
 �<\ ��%� ��465N>�?JO6CQP =[>6=:> � � � PA>6K�� C OAE�;�5�CQ46?6K 
HO��&F I"?J;CQ4658PAI"5NP 9<>6K<5NI�CQ465 �(CN\ � =DK<K<7D5A1�2�465 T�?JIBI"5�@QY ?J>6K<=:> ��TN9<I �A5�@�P]FHCB5NI
T�?JIUI"5�T�CB=:> � FH?JI&CQ465 � PAI"E6=:> �O<5NPA; #<O<5NPA; $X=VT $ \ 2�465�TN9<I��A5 
HO67:965 �
@B7D=��J4XCB7DE PXO<? �A5�CQ465�TN9<I �A5�F I"?J; ;�5�C 46?JK 
HP%�&P�K<K<=DCB=D?J><P�7D7DET�?J>AC P�=:>6@8CQ465G5 L�5�T�C ? F C 465 ��PAI"E6=[> � O 5NPA; #�O 5NPA; 7V5N>6@]\ 	&?ACBCU?J;�1�2�465�T�?6IBI"5�@QY ?J>6K<=:> � TN9<I �A5�@P]F CU5NI T�?6IBI"5�T�CB=:> ��FH?JI
CQ465$��PAI"E6=:> � O 5NPA; #�O 5NPA; 7D5N>6@N\

R'�M�"�9#$*'!�0J#$,�R����+=c!��7�"�.�M5?,;#A56� �C�/�6! =�5?���"�.!-& � � � � 0'&P5?���"�.!-& � R � L>��!SR��/,�0�2?�/�.�M�A3�!
5w���/�.!-&�#+,�0-�/!G� 2N�/����5?��0-�+,�0��'2�%��/� � L �Ix��/�.�6R'�9�95,�@R'�9�95 =c!N�����6�'�N&��/!GR'�F,�0J���/�9�N#$�9&
#A�/�"!�0.2N��(qR-(q���.!@!@#A,�0.2�f~@ ^>`1a�9b f/f � 5?5 5?���N&��90'&�f~@ ^>`1a�Pb f/f � 5?5 5?�C��&zL ���.�9#A�
��5?,��"��� 0J���9#�� �"�K=y�9���/!@!M#A56� �1�)�"!+R'�e�/�9�9��,;#A�/,a��� 0J&�"�.�T*��/!��"!�0?��5?,��"��� 0J����,;#��/�.���/��=c!N�/�:0.!N�
�"�9#$*'!N0'#$,1R.���4=c!��:�"�.�75?,;#A56� �C�r�MR'���A3�����06�/�.�7�A3�!M5w���/�.!-&�#�! =�&)���/���/5?,10.,�0.2 ����� 0'&0� C L



� � � 	 �����5� % ���� � �� ��� 
�	�( � � ��
 �*�� �����	��
�����������5��� � + � �' #� ��n

-0.6 -0.4 -0.2 0 0.2 0.4 0.6

1
2
3
4
5
6

� � t � 5?5 � -0.1 -0.05 0 0.05 0.1

2

3

4

5

6

� � t � 5?5 �

-0.6 -0.4 -0.2 0 0.2 0.4 0.6

1
2
3
4
5

� � � 5?5 � -0.1 -0.05 0 0.05 0.1

2

3

4

5

� � � 5?5 �

-0.6 -0.4 -0.2 0 0.2 0.4 0.6

1

2

3

4

� � � 5?5 � -0.1 -0.05 0 0.05 0.1
2

2.5
3

3.5
4

4.5

� � � 5?5 �
��� � � � + .z.��/1
2�46587:9<;�=:>6?A@B=DC"EZ@UTNPA>ZP�C 	!�`F ?6I
CQ465 � � o ?JY6CB=DT�@ ��465N>ZP�@U@Q9<;�=:> � 9<><Ic5NP�7D=V@UCB=DTNP�7D7VE@Q; P�7D7
Y<I"?ACB?J>n5N;�=DCBCQPA>6T�5�@�?�F�� \ �A; ;j; IUP�K�\���5 FHCN1�2�465 46?JIc= ��?6>ACQP 7 7:9<;�=:>6?A@B=DC"E @UTNPA>�\��
=��J4XCN12�465 �X5NI"CB=DTNP�7�7:9<;�=:>6?A@B=DC"EZ@UTNPA>�\ 2z?JY�1&CQ46587:9<;�=:>6?A@U=VC"E K(P�CQP�
0K<?XCB@ ��PA>6KmP�
8PX96@B@B=:PA> �(C�
HO67:P�T $ �CB?%�A5�C 465NI ��=DCQ4 CQ465�7:9<;�=:>6?A@B=DC"E 
 �JI"5�5N>���9<Y<Y<5NI�TN9<I��A5 ��5 �<Y<5�T�CU5�KnOXEZ5��<9<P�CB=D?J> 
 � \���%� ��465N> ?JO

�CQP�=:>6=:> � � � PA>6K � C OAE�;R5�CQ46?JK 
SP%� F I"?J; CQ465 ��=DK<CQ4G?�F*C 465��(C�PA>6K�CQ465�7:9<;�=:>6?A@B=DC"E 
HI"5�K �67D? � 5NITN9<I��A5 �`5 ��Y 5�T�CB5�K OXEm5���9<P CB=D?J>�
 �<\ ��%� ��465N>m?6O6CQP�=:>6=:> ��� � PA>6K � C OAE ;�5�C 46?JK 
SO���F I"?J;�CQ465PAI"5NP 9<>6K<5NI#CQ465 �(CN\��m=DK<K<7V5A1 2�465�T�?JIBIc5�@QY<?J>6K<=:> ��TN9<I��X5�@ P]FHCB5NI T�?JIBIc5�T�CB=:> � FH?JI�CQ465�� PAIcEJ=:> �O<5NPA;�#�O<5NPA; $X=DT $ \ 2�465�TN9<I��X5 
HO67:965 � PAO ? �X5 CQ465GTN9<I��A5#FSI"?6; ;�5�CQ46?6K 
HP%��P�K<K<=DCB=D?J><P�7D7DE�T�?J>
�CQP�=:>6@�CQ465�5 L�5�T�C�?�F3CQ465 � PAI"E6=:> � O 5NPA; #�O 5NPA; 7V5N>6@]\�	&?ACBCB?6;�1 2�465 T�?JIBI"5�@QY ?J>6K<=:> ��TN9<I �A5�@WP F CB5NIT�?JIBI"5�T�CU=[> �RF ?JI CQ465$� PAIcEJ=:> ��O<5NPA; #<O<5NPA; 7D5N>6@N\

bJ"�� � (��>< +#4 0ze,< k e,+ 0H+J* � O + 0 ($* 0ze,<�%�&�')($*,+.-H( 03258:<>0/< FG0/+�7?-

]^0 X ��n Z �/���:#$,1b���!9='�/�.��*.��!��/!N0B#$*'!��	,�07�/�.��W]��X �E� 0J&*� � ��%.5w,�0.!I#$,��A(:5?!N0.,��"!��C#z3����"��%'#$�<&
�"!?��!N5?*.%.�"�4�/���\��5?,��"��� 0J���4! =��/�.�=QUS{R'�9�95PL�����!�5w*'� �",;#$!N0F3:,1�/�6�/�.��!��/���/,;��� ����}-*'�9������u
�",�!�0J#4� 0'&F3:,1�/�P�"�.�M#A()0'���.�"!��/�"!�0P�1,�2��-�E#$*'!��7���<��&F�/!w�/�.��#$%'#A*.,;��,1!�0P�"�'� �4�"�.�M��5?,1�/�C� 0'���
���90+0.!N��R'��H@���"(>������%���� �"����(E!�R.�C� ,�0��9&\=c�/!N5��"�.��*��.!��"!�0B#$*'!N��,10+�"�.���1%.5?,�0�!@#$,1�A(e&)���/�<���/!N��L
�T��H@���/�"�.�����<#/#�x-�/�.�M*��.!��"!�0s#$*'!��>#$,1b��9# � a�� �B�90'& � a�� C 3����/�+�"�9��!N��&)�9&[&)%.�",�0.26�/���+��%�5?,�0)u
!I#$,��A(�#/���90'#�L>���.�BR.�/��5�#/#$�"���9�.��%.0�2i!9=:�/���M*U!I#$,1�/�/!N0'#7���/�<� �/�<&F,�0P�/���M,�0-�/���C�����",�!�0[�/��2N,�!N0



� f � ��
��	�����	�	 ���}	U� � �2	��A��� � ��� o � �5� � � ��o �$�D�
	 ��	

� a�� � ` B� � a�� C ����
� ���@� o W]�{X7� � L � �N��5 n �)L f�0.5 �)L � V ��5 f�L � �

� ��o W]�{X7� � L V�W ��5 n�n L n 0.5 �)L V�W ��5 � �)L n �
� ��o � � � L ���N��5 � �)L � 0.5 �)L W�W ��5 �o� L n �

$ %(' ),+ .z.0-/1�2�465 5N;�=DCBCQPA>6T�5�@�?6O6CQP�=:>65�KmF I"?J; CQ465�@B=���5 ?�F CQ465 Y<46?ACB?6>Z@ Y<?AC�=:>mCQ465�7:9<;�=:>6?A@B=DC"E;�?J>6=DCB?JI"@]\
,a#T���N&),;�9�/�9&F,10G�?��!N0.�M3:,��"�Q�90.2��1����3:�.,;���P&-��*'��0'&.#4!�0G�/���M#/��� �/�"���/,10.26*'� �"�/,a������� 0'&F,a#
�9*.*.�"! }-,�5�� �/����( �� L��:��W]��X ���/�.,a#����N&),;�9�/,1!�06,;#:&)���/�9���"�9&�� b � ��� f � 5�&)!93:0'#A�/�"�9� 5 R-(w�
&-���/�9�8�/!���3:,��"�S�"�9#$!N��%.�",�!N0 + b � f � 5?5Px@3:�.���/�4�"�.�7�/56#�*.�.!��"!�0G#A*U!N�4#A,�b�� � a�� �7,;#��"���;�9�/�9&
�"!M�/�.�=QUSP��5?,��"���90'���eR)(

` B� b @ B�
� �a�� � v + � v � ��� � �

� � _ @ B� � f � � L n�� �
�����4H@���/�",;���9�.��5?,1�/�C� 0'���:,a#�!NR.���9,�0.�9&6��!N�/�"�9#$*'!�0J&),�0.2N��(@L�]^06�8!�0-�/���N#$���/!M�/���45?!��"�T2N��0.���C� �
��H��9��%'�9�/,1!�0M,�0 X ��n9Z x��.���/�:,��_3:�N#���#/#A%.5?�9&+�"�'� �	�/�.�e&),a#$*'���C#$,�!N0�x@,��C#�#$�1!�*'�@x��>�@x-� 0'&�� C HN�90)u,a#$��� �_�/�.��,�0-�/���C�����",�!�07*'!�,10)��L����.�O#$!4!NR.���9,�0.�<&\��5?,1�/�C� 0'���<#�#$���9�/�9&7,�0>��� R���� � � L � � #$%.*.*'!N�/��"�.�B��!N0'����%J#$,�!N0��"�'� �>�?�;�9�/2N�i�C� �/,1!�` BC �3` B� ,a#T�/�9#A*'!�0'#A,�R.�1�=c!N�\�"�.�B�/!@!F�1!93d��%�5?,�0.!I#$,1�$(w! =
�"�.�;� �No !N*.�/,a��#�L

3jH��U%�#�	�^:��N*nh89��%&��$ pG�7� *.*��/�9��,a� �"�4�/�.�e�.���1*?! =z�:L <T,a� 0)=c����,;�8�T3:�.!>�/!@! �?�/�.�t&.� �C�+! =
�"�.�7��%.5w,�0.!I#$,��A(�#/���90'#�L



� �

� ��� ����� ����� � ���� �".�i���8��� �F�O
QP� �J�M��
 � � �"�� 
7���#�.� ��� 
 � � � �9�e� �x � 	�
 ���)�
B^DGFiH�JKH�J1LONmPQ=�R]?�=T=@?oUAp%d/9,e)f J1R]cKB�`�U�s

�4�9�/�@� � ���@�)xE�T%�2.L � �@x ��� *.5��/![�T%.2�L ��W x �@� � 5�xU�'!�2NR'!@! ���+���Mx-*�L n�n �@f �
�4�9�/�@� � ���@�)xE�T%�2.L �NV x ��� *.5��/![�T%.2�L n �-xz�N� 5Px �'!�2NR'!@! ���+���Mx-*�L'���Q�-� V

�E#�&)�9#"���/,1RU�<&\,�0B#A�9���",�!�0 � ��%.5?,10.!@#A,��A(E#/���90'#���� 0MR'�:%'#A�9&+�/!>&)���"���/5w,�0.�
�"�.�B��5?,��"���90'���9#T!9=e�/�.� ����
'�����1�9���"�/!�0GR'�9� 5�L4?��/��H-,�!N%'#\�1%.5?,10.!@#A,��A(
#"��� 0J#K=c!��e�/�.�[� �No !N*.�/,a��#:�'��H@�M#$��! 3:0P�"�'� �E�/�.�>��%.5?,10.!@#A,��A(M3:�N#T��!93����
�"�'� 0M��})*'�9���"�9&7&)%.���/!7�T�a� �"2���H@���/�/,a��� �@�����9���"�/!N0+#A*'!���#A,�b��9#_� �	�/�.��,�0-�/���Au
�N���/,1!�0P*'!�,10)�C#4! =:�"�.�[� � � 0J&bW]��X �[��!N���1,;&)���e��}-*'���/,15?��0-��#�LE���.���"��=c!��
�"�.� � �No !�*.�",;��#e3:��#>� 2I� ,�0G,�0J#$���9���1�9&F,�0 ����
���@�B� 0J&{�"�.�i�1%.5?,10.!@#A,��A(
3O��#4!�*��/,�5w,�b��9&?R-(P�N&�D/%'#$�"5?��0-�T!9=:�"�.�?&-�9��!�%�*.��,10.2?R.%.5w*�xUR-(F5w,�0.,15iu
,1b�,�0�2F�/���6���/!I#/#A,�0.2s� 0.2N���6! =E�/���?�A3�!PR'�9� 5�#�x�� 0J&kR-(s��!��"�/�9���",�0.2[�/�.�
H@���/�/,a��� ��&),a#$*'���C#$,�!N06��#:&-�9#/���",�R'�9&i,106#$�<���/,1!�06�-L����.�t&)�9��!N%.*.��,10.2+R�%.5?*
�"%.�/0��9&+!�%.�	�/!7R'�:�/�.�:56�9,�07*'�9��� 5w���/���_R-(+3:�.,a�r�>�/�.�:�1%.5?,�0�!@#$,1�A(4��!N%.�;&
R'�7,�0J���/�9�N#$�9&�x.,�06#A*.,��"�\!9=��/���t=y�N���:�/�J� �e�/�.,a#�R.%.5?*?3O��#e��!�5w*.%.�/�<&=c!��
�"�.�>#$�C� 0'&.�9��&6!�*.�",;��#:3:,��"�F�@� o *.�'�N#$�M�N&)HN� 0'�8�+*'���ej����7�������1�^L
�'%�5?,�0.!I#$,1�$(�#/���90'#K3����/�>*'���$=c!N�/5?�9&6�N#T,�0[#$�<���/,1!�0 � L��4#e��!N5?*'� �"�9&?�/!
�"�.�9#A�+�9�9�/��,1���:��}-*'���/,15?��0-��#��/�.�>��%.5w,�0.!I#$,��A(B#"��� 0P3O��#T*'���A=c!��/5w�9&?5?!��"�
�N����%.�C� �"����(E� 0'&75?!��"��&.�9���T*'!�,10)�C#z3����"����� �@��0�x�#A!T�"�'� �_�:0.��3k� 0'&75?!��"�
�N����%.�C� �"�?5?���"�.!-&{!9=e��HN� �1%'� �",�0.2[��%.5?,10.!@#A,��A([#/���90�&.�9���P��!N%.�;&�R'�w� *)u
*���,��<&zL_]�0B�8!�0-�/���N#$���"!4�/���:*.�/��H-,�!N%'#$�1(7%'#$�9&+��H��9��%'�9�/,1!�0M3:�.���"�5<E� %'#"#$,;�90
&-,;#$�"�/,1R.%.�/,1!�0'#4�'�N&Q�/!FR'�w��#"#$%.5?�<&zx`�"�.�i0���3�5?���"�.!-&{,a#4,�0'&)��*U��0'&)��0-�
!9=e�/�.�BR'�9� 5�&-,;#$�"�/,1R.%.�/,1!�0'#8L6� ![R'�?�9R.���B�/!���!��"�/�9���>�N#+������%.���9�/���1(G��#
*'!I#/#$,1R.���B=c!��M�/���?R'�9� 5,�IR'�9� 5 �),a���G�90'&��"�.�?R'�9� 5[�@R'�9� 5�R'�����FR'�9�9��x
�1%.5?,10.!@#A,��A(T3O��#`!N0.��(>�9#$�C� R.�1,;#A�.�9&+�9��!�0.�:��}-*'���/,15?��0-��&)%��/,�0�24�9�����M#"��� 0
�90'&S�"�.�7�/%.0��+�8!�0-�/�/!N���1����3O��#:#$3:,1�����.�9&?! �	L�j.!��:�/���\��H��9��%'�9�/,1!�06! =	�/�.�
&�� ���-x��/�.�[����
'��*.�"!��"!�0GRU�<� 5 ,a#4��#"#$%.5w�9&F�/!?R'�B%.0'���z�<���/�9&FR-(6�/�.�
R'�9�95,�@R'�9�95 =c!��C���>&)%.�",�0.2M�"�.�7��%.5?,10.!@#A,��A(B#/��� 0�L

0J"$! i ' O 7?+��#< f %�&�')($*,+.-H( 032 � F>C.*,-
�4#�&)�9#"���/,1RU�<&�,10?�9l@%'� �",�!N0 � � L � � �/���4��%.5w,�0.!I#$,��A(B#"��� 06,�0 � �m&),��"�9���",�!�0B=c!��e�B&),;#A��� 0J��� � �R'���A3�����0?�/���\�A3�!MRU�<� 5h����0-�/���C#��1�9��&.#��"!i�"�.�>#$*'�9��,~���T�1%.5?,�0�!@#$,1�A(M! =

V � ] � � � � b ���� a � B ��� X �
�
9
� � a ��� �"�z� ! ��# ! ZAX �

�
9
� � B �%� v � � �"���"! �$# ! Z # � # � f � n L � �

j.!��	*.�/!-&)%J���:&)��0'#$,1�/,��<# � ��� � �z�"! � b � � �%� � � C � � � �  � ! � x@�/�.�e#A�9��!�0J&5?!N5?��0-��#6& � � ( B � 0J&& � � ( B !9=_�/�.�t#$�9��!N0'&iR'�9�95 ���90?R'�4!�R���� ,10.�9&iR-(w�\��%�5?,�0.!I#$,1�$(>#"��� 0�x.3:����0?�/���4#A�9��!�0J&



� � � ��
��	�����	�	 ���}	U� ���2	��7��� � � ��o �$�D�
	 ��	

!N��&)���45?!�5w��0)�C#�! =��/����'�C#$�4R'�9�95�� �"� �)0.!93:0s#$,10'���+�"�.�B#$�<��!�0'&P!��C&)���45w!�5?��0-�:! =O�/�.�
�1%.5?,10.!@#A,��A(M#"��� 0[,;#�2�,1H@��0?R-(

& � � (�) � * b
(
�
9
�
V � ] � � � � � � � # � �(
�
9
�
V � ] � � � ��# � � � n L � �

b
( �
9
� ( � � � a �%� � � C a � � � � � B �%� v � � � � C B � � ��# � # � � � � # � �( �

9
� � C a � � � � C B � � ��# �

b � �
9
� � � � � a �%� � � � B � �� � �%� v��� � � # � # �� b & � � ( a _ & � � ( B f

�e���/�M,1�\�J��#+R'����0G%'#$�<&��/�'�9�+�"�.��J��#$�>5?!�5w��0)� & � ( !9=E�F����0-�/���/�9&FR'�9�95 H��90.,;#A�.�9#8L
]^�:,a#�,�5?*'!��"���90)�:�"!i0.!N�/�>�/�'�9�T�"�.,;#:�/���a� �",�!�06!9=��/�.�>#A�9��!�0J&S!��C&)���e5?!�5w��0)�C#��.!��a&.#O=c!N�4�9���
*��/!-&)%'�8�:&)��0J#$,��",��9#��90'&?0.!M#A*U�<��,v��� �-0.!93:���9&)2N�T!N0�� a ,;#��/�9l@%.,1�/�9&M�/!�&)���/���/5?,10.�<& � � ( B L]^0�#$�9���",�!N0 � x��/�.�>�$3�!?5?���"�.!-&.# � � � � 0'& � R � �'�N&FR'����0F%J#$�9&F�"!6&)���"���/5?,10.�4�"�.�+!9H@���"�;� *
R'�9�95�#$,1b��9#���� b ^ & � � ( a _ & � � ( B � 0'& � C b ^ & � � ( a _ & � � ( B L
Z[�J�"+�#UN  �."7$ ���.�E#$�C� 0'&�� ��&w&)��H-,;� �",�!N0'& � � (
) � * !9=��/���T�1%.5?,�0�!@#$,1�A(7#/���90i,a#�!�R.�C� ,�0��9&
R-(+�'�"�/,�0�2:+'x;- x-�90'& /:! =_�7R'��������%.�"H@�
+���}-* � v - �%� v / � � � �/!>�/�.�E&.� �C�)L����.��0?!�0.�E!�R.�C� ,�0J#
��� b � � � � -4� 0'&[#$,15?,��a� �/�1(2� C L

Z[�J�"+�#UN= � "%$ ]��	,;#��N#/#$%�5?�9&+�/�J� ��R'!��/�BR'�9� 5�#`�'��H@�:� <E� %'#"#$,a� 06&)��0'#$,1�$(Ix�3:�.,;���+�1�9��&�#
�"!

��� a � B � � V � ] � � � ��# � � b � �
9
� Q 9 � ��58 �� �
� ��g�� C a

Q 9 � ��58 �� �� ��g�� C B # � b �
� �Ng ^ � �a C _ � �B C

f � n L n �
]^0G�/�.,a#45?���/��!-&zxz�/���iH@���"�/,a��� ��!9H@���"�;�9*PRU�<� 5�#$,1b��B,;#4!�R.�C� ,10.�9&F=c�/!�5 �"�.�B�.!��",�b�!N0)�C� ����%)u
5w,�0.!I#$,��A(�#/���90?3:,��"�0� C b � � ��g � � a � B ( � V � ] � � � �$# � � � 9 � � 0J&�H-,;�8�:H@����#"�)L����.�4,10)�"��2��C� �
,a#T�92@�9,�0P!�R���� ,10.�9&S=c�"!�5 �J�/�/,10.2w�iR'�����	��%.�"H@� +���})* � v - ��� v / � � � =c!N�43:�.,;���F�"�.�+,10)�"��2��C� �
��H��9��%'�9�/�9#��"! + � � g -�L

Z[�J�"+�#UN  H "7$ �T0���(G��#"#$%.5w,�0.26*.�"!-&)%'����&),;#A�/�/,1R.%.�",�!�0J#E=c!N�+�"�.�i�A3�!SR'�9�956#�x��9l@%'�9�/,�!N0
� n L � � ,;#�%J#$�9&6�/!+�'0'&

��� b (
�
9
�
V � ] � � � � � � � # � �(
�
9
�
V � ] � � � ��# � � � � C b

(
�
9
�
V C ] � � � � � � � # � �(
�
9
�
V C ] � � � ��# � � f � n LYf �

��!B���.�9���+�.!93 3����1�U�"�.�7&.�9���+!9=��"�.�4��%�5?,�0.!I#$,1�$(�#/���90[��� 06R'�7� *�*.�/!9}-,�56�9�/�9&MR)(w� <E� %'#^u
#A,;�90�x)�A3�!>���.�9���.#����90?R'�4*'���$=c!N�/5?�<&zL � � � �e0.�E���90F�8!�5?*'�9�/�:�"�.�7&.�9���+3:,��"�?�/���4��%��/H@�e! =
�<lm%'�9�/,1!�0 � � L � � L����.,;# <E� %'#"#$,a� 0F�'%.5w,�0.!I#$,��A(�#/���906��%.�"H@�@x@��!N��!��"�9&M2��/����0i,10i�"�.�:=c!����1!93:,�0.2
�J2�%.�"�9#�x@�'�N#��"�.�<���e� 0J& � C ! =��<lm%'�9�/,1!�0 � n LYf � L��T!93���H@����x�,1��5?,�2N�)�_0.!N���'��H@�:�/�.�:,10)�"��2��C� �(
�
9
�
V � ] � � � ��# � � 3:�.,a�r�>!�0.�:!NR.���9,�0'#`=c�/!N5d�"�.�e&.� �C�)L � � � �e0.�e���90B� �1�/���"0'� �",�H@���1(7��#"#$%.5?�

<E�9%'#/#A,;� 0PR'�9�95 &),a#$�"�/,�R�%.�/,1!�0'#e� 0'&P�8!�5?*.%��/� � C b � � ��g ��� a � B ( � V � ] � � � ��# � � � 9 � �90'&
#A,�5?,1�;�9�/��(1���:R-(+,�0-�/��2����9�/,10.2T�"�.�:��%�5?,�0.!I#$,1�$(t#/���90B&.� �C�)L��@%.RJ#$�9l@%.��0-�/�1(\!N0.�e���90B��!�5?*J� �/�



� � � � � �Z�����	��
���������V	 +��'
 � % �' ���� � � 	�
���# �� + �*��� 
 ��� ��
$� � �

�"�.�M�/�9#A%.���",�0.2w��%.�"H@�+!9=:�9l@%'� �",�!N0 � � L � � x���!��1!��"�9&F�/�9&F,10P�/�.�+=c!N���1! 3:,10.2i�'2N%.�/�<#�x�3:,��"�P�/�.�
&.�9���M*'!�,�0-��#8L

���.�4�C� 0.2N�4! =	�9*.*.�1,;���9R.,��1,��A(7! =_�/���T�'��#A���A3�!75?���/�.!-&.# � � � �90'& � R � ,a#��/�<#$�/�",;���"�9&M#$,10'���
,1�T,a#T�/�9l@%.,1�/�9&?�/�J� �7�/�.�>��%.5w,�0.!I#$,��A(6#"��� 0G&�� ���w��� 0PR'�+�'�"�/�9&F3������_R)([�iR'���1���8%.�/H@�@x�� 0J&
,10G����#A�?! = � R � �9�N�r�GR'�9� 5�&),a#$�"�/,�R�%.�/,1!�0G�'��#4�/![R'�?�9*.*.�/!9}-,�56�9�/���1( <4�9%'#/#A,;�90�L e ���/��!-&
� � � &-!@�9#T0.!N�T�'��H@�>�/�.,a#K�"�9#$�"�/,;�8�/,�!N0�L4�e0F�/���+!��"�.���e�'� 0J&zxz�/���9#$�>�$3�!i5w���/�.!-&�#K�'��H@�>�/�.�
�N&)HN� 0-��� 2N�M�/�'�9�T�"�.��([���90FR'�+��HN�9��%'�9�/�9&6��H@��063:�.��0[�/�.��&.� �C�i*'!�,�0-��#:! =��/�.�>��%.5?,10.!@#A,��A(
#"��� 0G�9�/�+�"!@!6#$*J� ��#A�M�/!6�9���1! 3 =c!��7�90G������%���� �"�+��HN�9��%'�9�/,�!N0P! =��"�.�M,�0-�/��2����9�;#�,10F�9l@%'� �",�!N0
� n LYf � L	���.�:5?!@#A���N����%.�C� �"�:5?���/��!-& � � � �/�9l@%.,1�/�9#�56� 0-(>&.� �C�T*'!�,10)�C#�3:��,;���+2�!7%.*M�"!4�;�9�/2N�
#"��� 0[� 5w*.��,1�/%'&)�<# � � � 0J& � � L

���.� ����
��*.�/!N�/!N0 R'�9� 5 #A,�b��=& � �=( a ,a#i!�R.�C� ,10.�9&qR)(��'�/�",�0.2|� <E� %'#"#$,;�90 �/!
3:,1�/�[#/���90.0.���B&�� ���-Lq��!�2����/�.���M3:,1�/�|�/�.�6��%�5?,�0.!I#$,1�$(G#"��� 0�x��"�.� QUS�R'�9� 5 #A,�b��?,a#�"�.��0
&)���/���"5?,�0.�<&zL

0J"cb ghd+E%�& 'E($*,+#-/(10�2 � F>C.*,-94 + 7 0ze,<�� ! i *�0/<>7?C�FG0/(I+ * kh+.($*�0
pq�.��0��/����� �No !�*.�",;��#M3:�N#i0.��3:�1(Q,�0'#A���9�����<& �92@�9,�0 �<=c�/���i,1�M�'��&�0.!N�?R'����0|%'#$�9&Q=c!��6�
5?!N0)�"��x.�/���M��%.5?,10.!@#A,��A(B3:��#e,�0'���"�9��#A�9&SR-(6!�*.�",�5?,1b�,�0�2M�/�.��&)�9��!N%.*.��,10.2?R.%�5?*6!�0.�1(P� 0J&
�"�.�4=c!����1!93:,�0.2B��%.5w,�0.!I#$,��A(w#/���90F3O��#:*U���$=c!��"5?�9&zLO���.�7*.�/!N�/!�0G�8%.�/�"��0)�:3O��# V �)L f�5{��� 0J&
�"�.�?*.�"!��/!N0���5?,��"���90'���9#T3����/�B5?�9�N#$%.�"�9&P�/!PR'�?f~@ ^>` a � b � � f ��5?5 5?�C��&G� 0'&Qf @_^>` a C b� f/f �95?5 5?�C��&zL����.�>0.!�5?,10'� ��R'���C��=c%�0'���/,1!�0'#e� �e�/���+,�0-�/�������8�/,�!N06*U!N,�0-�T3����/��@ a� b � 5�x
@ aC b �gf � 5�x{@ B� b � 5Px{@ BC b � f ��5PLq�����S=c���N���/,1!�0'�9� Q S �/%.0��9#3����/�6,10.,��",;� �1��(s#$���B�/!
�-L � � V ,�0P�/���+�.!N�/,�b�!�0-��� ��� 0'&P�/!{�-L � f@�?,�0P�"�.�MH@���/�",;���9��*.�;�90.�@L7�T%��M�/!6�/�.�MR'�9�95,�@R'�9�95
=c!N�����?�"�.�?�"%.0.�9#73����"�6� �1��!93��9&P�/!G���'�90.2��[&)%.�",�0.2[�/�.�w��%.5?,10.!@#A,��A(P#"��� 0�L�����,;#+�'�N#+�/�.�
�N&)HN� 0-��� 2N�7�/�'�9���/���4�/%.0��T!9=_�/�.�4�",�0.2�� �1!�0.�7&-!@�9#�0.!N�e�r�J� 0.2N�4�90'&?�/�.�eR'�9� 5,�IR'�9� 5 �),a���
!N0S�"�.�>����!I#$�9&?!N�/R.,1�e��� 06R'�M��!N5?*.%.�"�9&i5?!N�/�e�9��#A,��1(@L��4#:&)���",�H@�9&M,�0 X W Z �/���\�"%.0.�9#�,106�/�.�
�",�0.2B3:,��"�.!�%.�ERU�<� 5,�IRU�<� 5 �),a����� �/�M�a� �"2����eR)([�9RU!N%.�7�'� �~=��/�.�>�/%.0.��#$�.,~=c�4*'�9��� 5w���/���:!9=
� w�B� b � f � ���N� �90'&�� wmBC b �gf � nNW�n L����.�?�/%�0.�9#t=c!N�M�/�.�B=c!����1!93:,�0.2�#$,�5B%.�a� �/,1!�0'#43����/�
�"�.���/�8=c!��/� w B�cb �gf ��W �?� 0J& w BC b � f � �9f.L���.�>RU�<� 5,�IRU�<� 5 �-,;����#:� 0'&F�"�.�M&),a#$�"%.�/R'�90'���9#e! =��/�.�>R'�����=c%�0'���/,1!�0'#E� �/��#$�.!93:0G,�0
�'2N%.�/� n L � L

-0.6 -0.4 -0.2 0 0.2 0.4 0.6
-0.02
-0.01

0
0.01
0.02
0.03

� � � 5?5 � -0.1 -0.05 0 0.05 0.1
-0.02
-0.01

0
0.01
0.02
0.03

� � � 5?5 �
��� � � � + "�.0-�1 � 5NI"CQ9<IBO<P CB=D?J>6@�K(9658CU? CQ4658O<5NPX; #�O<5NPX; 5 L�5�T�C�K(9<I"=:> �GCQ465 �/Ic@BC�7:9<;�=:>6?A@B=DC"E�@BTNPA>P�C�	 �A\�2�465�O<?ACBCU?J; TN9<I �A5�@�K<5�@UTNI"=:O<5�CQ465 O 5NPA; #�O 5NPA; $X=VT $X@ ��� ��� 
HO67:965 ��PA>6K ��� ��� 
SO67[P T $ ��=:>; ;�\32�465�46=��J465�@BC!
HI"5�K��&PA>6K�C 465�@B5�T�?6>6K 46=��J465�@BC�
�JI"5�5N>�� TN9<I��A5�@
K<5�@BTNI"=:O<5�C 465WI"5�7:P�CU= �X5�T�4<PA> �A5?�F*CQ465�O<5�CQP FS9<>6T�CB=D?J>6@	��
 BC PA>6K���
 B� I"5�@QY 5�T�CB=��A5�7DEA\



�NW � ��
��	�����	�	 ���}	U� ���2	��7��� � � ��o �$�D�
	 ��	

���.�t��%.�/H@�<#	=c!N���"�.�K�J��#$����%.5w,�0.!I#$,��A(�#/���906� �m� � ,10i�'2�%��/� n L � 5�� �����M�/���4��%.5w,�0.!I#$,��A(
#"��� 0s&.�9���6lm%�,��/�M3������	3:�.��0G�/�.�MR'�9�95,�@R'�9�95 �),a���[� 0J&{�"�.�iR'�9�95,�@R'�9�95 R'���C��R'�9�9�M�N#
3���������#\�"�.�w��!��"�/�9���"�9&F�/%�0.�6� �"�i�C� �@��0G,�0-�/![�N����!�%�0)��L?���.�?�A3�!S�"!�*��J2�%.�"�9#+#A�.!93��/�'�9�
�w��!��"�/�9���",�!N0S=c!��E�/�.�>RU�<� 5,�IRU�<� 5 �),a���w,;#T56�90'&.�9�/!��"(@L�� ��!��"�/�9�8�/,�!N0S=c!N�4�/�.���r�J� 0.2N�M! =
�"�.�BRU�<� 5,�IRU�<� 5�����0'#4!9H@���7�/���?��%.5w,�0.!I#$,��A([#/��� 0��'��#7R'����0Q�C� �@��0G,�0-�/!�������!N%.0-�+R.%.�>,��
,a#T0.!N�\H@���/(6�/���1��HN� 0-�4�9�7�/�.�M2N,�H@��0�����
'��*'�9���95?���/����#�L7pq�.��0G�N#/#A%.5?,�0�2S�"�'� �E�/�.� 
Tj
=c�"�9l@%.��0'��(B,;#��"�.�>����0-�/����=c�/�9l@%.��0J��(?! =	�/���+�/,10.2.x.�"�.�7�.!��",�b�!N0)�C� ����5w,��/�C� 0'�8�T,a#T��!N5?*.%.�"�9&
�"! `I� b nA� �r�PL����.�cQUSi��5?,1�/�C� 0'����3:�.,a�r�M!N0.���'0'�9���1(+!�R���� ,10'#`=c�/!N5d�/��,;#`�1%.5?,�0�!@#$,1�A(7#/���90
,a#��.!93���H@����5B%'�r�B�;�9�/2N����x

` B��b � W 0.5 � ` C ��`I� b f/f �@� f � n L � �
]^�e�'��#4�"!?R'�M0.!��"�9&F�.!93���H@���T�"�'� �4�"�.�M*.�"!��/!N0P��5?,1�/���90'���7�'�N#\�B�;� �"2��M���"�/!N�7&)%.�>�/!6�/�.�
l@%.,1�/�4,10'�����8%.���9�/�>&.� �C��=c�"!�5 �"�.�73:,��"�+#"��� 0�0.����L

-1 -0.5 0 0.5 1
0
1
2
3
4
5
6
7

� � t � 5w5 � -0.15-0.1-0.05 0 0.05 0.1 0.15
0
1
2
3
4
5
6
7

� � t � 5?5 �

-1 -0.5 0 0.5 1
0
1
2
3
4
5
6
7

� �h� 5w5 � -0.2 -0.1 0 0.1 0.2
0
1
2
3
4
5
6
7

� � � 5?5 �
��������� + "�./.z1��3=:I"@UC�7[9<;R=[>6?X@B=DC E @BTNPA> P�C 	 �A\���5 FHCN182�465�46?6I"=���?J>AC P�7*7:9<;�=:>6?A@U=VC"E @UTNPA>�\��
=��J4XCN12�465$�A5NI"CB=DTNP�7�7:9<;�=:>6?A@B=DC"E�@BTNPA>�\&2�?JY�1 CQ465�7:9<;�=:>6?A@B=DC"E�K(P�CQP 
0K<?ACB@ � PA>6KZP O 5�7D7*TN9<I��X5 �(C 
SO67[P T $ �CB?%�A5�CQ465NI ��=DCQ4 CQ465�7[9<;R=[>6?X@B=DC E�
�6I"5�5N>��/9<Y<Y 5NI�TN9<I��A5 ��5 �<Y<5�T�CB5�K OXEZ5��<9<P�CB=D?J> 
 �<\ ��%� ��465N> ?JO

�CQP�=:>6=:> � � � PA>6K � C OAE�;�5�CQ46?6K 
0T � FSI"?6; CQ465�@BCQPX>6K(PAI"K�K<5
�J=:P�CU=V?6>�?�F/C 465 �(C PA>6K�CQ465�7:9<;�=:>6?A@B=DC"E

HI"5�K �]7V? �
5NI�TN9<I��X5 ��5 �<Y<5�T�CB5�K OXE�5��<9<P�CB=D?J> 
 � \���%� ��465N> ?JO6CQP�=:>6=:> � � � PA>6K � C OXE�CQ465 PAI"5NP�9<>6K<5NICQ465��(C�P�@�P�7D@B?�K<5�@BTNI"=:O<5�=:>�;�5�CQ46?6K 
0T ��\ 	&?ACBCB?6;�1*2�465�T�?6IBI"5�@QY ?J>6K<=:> ��TN9<I��X5�@ P F CB5NI&T�?JIUI"5�T�CB=:> �F ?JI&CQ465$��PAI"E6=:> � O 5NPA; #�O 5NPA; $X=DT $GPA>6K F ?JI&CQ465 � PAIcEJ=:> ��O 5NPA; #�O 5NPA; 7D5N>6@N\

]^0��'2N%.�/� n LYfs� 0��9l@%.,�HN� �1��0-�\�1%.5?,10.!@#A,��A(G#/���90�3:��#+*'���A=c!��"5?�9&Q�9�M�/�.�M� � &)���/�9���"!��
�A3�!M&.��(�#��;� �"����x��<=c�"�����"�.�4H@���"�/,;��� ��&),;#A*'����#A,�!�06R'�9�9�:�'��&?R'����0[��!N�/�/�<���/�9&B��#e&)�9#"���/,1R'�9&i,�0
#A�9���",�!�0G�6�90'&Q�<=c�"���7�/�.�B�8�/!@#"#$,10.2P�90.2��1�9#4! =:�"�.�BRU�<� 56#T�J��&�R'����0P5w,�0.,15?,~b��9&zL7�T%��/,�0�2
�"�.�9#A�F�A3�!�&��<(��"�.�P*'!��;�9�/,1b9� �",�!�0q!9=>�/�.� QTS RU�<� 5 �J��&�R'����0q!N*.�/,15?,�b��<&��/!|� n � �90'&
�"�.���"��=c!��"�P�/�.�s����!I#$�9&�!N�/R.,1�63:��#[��!��"�/�9�8�/�9&�3������yL����.�GRU�<� 56#i3����/�G�92@�9,�0�#A��*'� �C� �"�9&



� ��� �����	��
���������V	 +��'
 % �  �*�$���U� �	 	*
$� �! �� +'�*�*�'
 ��� ��
� ��V

R-(P�6H@���/�",;���9��R.%.5?*F=c!N�7�/�.�B*.�/!N�/!N0QR'�9� 5 � ��W]��X �'L_���.�B*.�/!N�/!N0���%.�"�/��0-�73:��# V � 5{�
�90'&S�"�.�7*.�/!N�/!�0[��5?,1�/���90'���9#�3����"�45?�9�N#$%.�"�9&i�"!iR'�+f @_^>`1a��b �Nn 5?5 5?���N&?� 0'&6f~@ ^>`1a C bn � 5?5 5?���N&zL)��#A�9��!�0J&t5w�9��#A%.�/��5w��0)�'!9='�/�.��%.0-%'#A%'� �1��(4�a� �/2N��H@���"�/,a��� �N��5?,��"���90'���_�/��H-,��1�9&
�"�'� �B�/�.�63:,1�/�6! =7�"�.�6H@���/�",;���9��3:,1�/�[#/���90.0.���M3O��#MR.�/! �@��0�L|j.%.�/�"�.���/5w!��/�w�/�.,a#+H@���/�",;���9�
*.�"!��"!�0 ��5?,��"���90'���6,;#i�a� �"2����6�/�J� 0�� C !�R���� ,10.�9&qR)(|�/�.�P�1%.5?,10.!@#A,��A(�#/��� 0�L��������/��=c!N�/�
f @_^>`1a C b � �95?5�5?���N&k3O��#?�N#/#A%.5?�9&�=c!��B�/���S=c!��1��!93:,�0�2P��HN� ��%J� �/,1!�0'#8L ���.�S=c�C�����",�!�0J� �
QUS��/%�0.�9#\3����/�w,�0.,1�/,;�9���1(G#$���M�"!��)L � f � ,�0Q�"�.�6�.!��",�b�!N0)�C� �O� 0'&Q�/!��-L �N� �[,�0��/�.�wH@���/�",;���9�
*.�a� 0.�IL�jJ!N�i�"�.�6�/%.0��F#A�.,v=c�B*'�9��� 5w���/���>! = � wmB� b � f � � �N�Q� 0J& � w�BC b � f � � � n Lq�����
�"%.0.�9#�=c!N�:�/�.�4=c!��1��!93:,�0�2B#$,�5B%.�a� �/,1!�0'#�3����"�4�/�����/��=c!N�/� w�B��b � f � f@�B� 0'& w�BC b � f � f��-L������R'�9�95,�@R'�9�95 �-,;���.#>� 0'&Q�"�.�6&),a#$�/%��/R'�90'���9#+!9=4�"�.�6RU�����S=c%.0'�8�/,�!N0'#M� �"�6#$��! 3:0|,�0��J2�%.�"�
n L n L	���.�e�/�9#A%.���",�0.24��!��/,1b�!�0-���9�'��5?,��"���90'����=c!����/��,;#�#A�9��!�0J&�1%.5?,�0�!@#$,1�A(7#/���906� � � � ,;#�H@���/(
���1!@#A�T�"!+�/���4�/�.��!��/���/,;��� �.HN� �1%.�4!9=�`MB� b n�� 0.5�� 0J&i�/�.�E��5?,��"���90'�����C� �",�!.x-3:�.,;���B�'��&iR'����0
H@���"(��a� �"2��F,10��"�.�6��%.5?,10.!@#A,��A(G#/��� 0'#?&-�9#/���",�R'�9&Q,�0 #$�9�8�/,�!N0 � x��'�N#iR'����0��/�<&)%'���9&�H@���/(
�����9�8�/,�H@����(��

` B��b n�� 0.5 � ` C ��`I� b � f � � f � n L � �

-0.6 -0.4 -0.2 0 0.2 0.4 0.6
-0.02
-0.01

0
0.01
0.02
0.03
0.04
0.05

� � � 5?5 � -0.1 -0.05 0 0.05 0.1
-0.01

0
0.01
0.02
0.03
0.04
0.05

� � � 5?5 �
��� � � � +�"�.#"z1 � 5NI"CQ9<IUO<P�CB=D?J>6@�K(965&CB?�C 465 O<5NPX; #�O<5NPX; 5 L�5�T�C�K(9<I"=:> ��CQ465&@B5�T�?J>6K 7[9<;R=[>6?X@B=DC E @BTNPA>P�C�	 �A\�2�465�O<?ACBCU?J; TN9<I �A5�@�K<5�@UTNI"=:O<5�CQ465 O 5NPA; #�O 5NPA; $X=VT $X@ ��� ��� 
HO67:965 ��PA>6K ��� ��� 
SO67[P T $ ��=:>; ;�\32�465�46=��J465�@BC!
HI"5�K��&PA>6K�C 465�@B5�T�?6>6K 46=��J465�@BC�
�JI"5�5N>�� TN9<I��A5�@
K<5�@BTNI"=:O<5�C 465WI"5�7:P�CU= �X5�T�4<PA> �A5?�F*CQ465�O<5�CQP FS9<>6T�CB=D?J>6@	��
 BC PA>6K���
 B� I"5�@QY 5�T�CB=��A5�7DEA\

0J"10 %�&�')($*,+.-/(1032 � F>C.* 4 + 790�e,<������ � i *�0/<>7?C�FG0H( + * kh+#( *�0
���.�6�1%.5?,�0�!@#$,1�A(P� �4W]��X �G3O��#M!�*.�",�5?,1b��9&F�/!s�F�.,12��.���MHN�9��%.�?�"�'� 0 � �[� � �90'& �"�.���"��u
=c!N�/�M�/���M��%.5?,10.!@#A,��A(w#/���90�*.�"�9#$��0)�"�9&S�.���/�+*��/!�RJ� R.�1(G&)�9#/�8�/,�R'�9#e3����1��!�*.�",�5?,1b��9&?�/%.0�0.,�0.2
��!N0'&),1�/,�!N0'#�R'���/�"���:�/�J� 0F�"�.�7*.�/��H),1!�%'#��1%.5?,�0�!@#$,1�A(B#/���90'#�L

���.,a#K�1%.5?,�0�!@#$,1�A(?#"��� 0P3O��#T*'���A=c!��/5w�9&7D/%'#$�7��=c�/���e�/���M#$�<��!�0'&P#"��� 0G�9�4�/���;� � ,�0-�/���Au
�N���/,1!�0B*U!N,�0-�:�90'&i�/�����/��=c!N�/�:�"�.�4���1�9���/�"!�0M�",�0.273:�N#zD/%'#A�:�N#�3������.!N*.�/,15?,�b��<&+��#�&)%.�",�0.2>�/�.�
*.�"��H-,�!�%J#$��(w&)�9#"���/,1R'�9&?��%.5?,10.!@#A,��A(B#/��� 0�L����.�>*.�/!N�/!N0P��%.�"�/��0-��3O��# V �95{��� 0'&[� 2@�9,�0[�/�.�
*.�"!��"!�0?��5w,��/�C� 0'�8�9#`f~@ ^>`1a��b ��n 5?5d5w����&B� 0J&if~@ ^>`1a C b � � 5?5�5?�C��&+3����/�e%'#$�<&=c!����/�.�
��HN�9��%'�9�/,�!N0�L����.�4=c���N���/,1!�0'�9��QUSF�/%.0.�<#�3����"�4,�0.,1�/,a� ���1(B#$���:�"! �-L � f@�M,�0?�"�.�7�.!��",�b�!N0)�C� �_� 0J&
�"!/�)L ��no� ,�0G�/�.�BH@���/�",;���9��*.�a� 0.�@LM�T%.�B�/![�/�.�w�/%.0.�w#$��,v=c�+*J� ���95?���"���4! = � w�B�eb � f � � �N�
�90'&�� wmBC b � f � � � n �"�.�6�/%.0��9#\=c!��B�/�.�B=c!����1!93:,�0.2G#A,�5B%.�;�9�/,�!N0'#43����"� w�B� b � f � � � � 0J&



n � � ��
��	�����	�	 ���}	U� ���2	��7��� � � ��o �$�D�
	 ��	

-0.75-0.5-0.25 0 0.25 0.5 0.75
0

2

4

6

8

� � t � 5w5 � -0.2 -0.1 0 0.1 0.2
0

2

4

6

8

� � t � 5?5 �

-0.75-0.5-0.25 0 0.25 0.5 0.75
0

2

4

6

8

� �h� 5w5 � -0.2 -0.1 0 0.1 0.2
0

2

4

6

8

� � � 5?5 �
��������� + "�.��*1 �65�T�?J>6KZ7:9<;�=:>6?A@B=DC"E�@BTNPA>�P C�	!�X\ � 5 F CN1&2�465846?JI"=���?J>XCQP�7�7:9<;�=:>6?A@U=VC"E�@BTNPX>�\��
=��J4XCN12�465$�A5NI"CB=DTNP�7�7:9<;�=:>6?A@B=DC"E�@BTNPA>�\&2�?JY�1 CQ465�7:9<;�=:>6?A@B=DC"E�K(P�CQP 
0K<?ACB@ � PA>6KZP O 5�7D7*TN9<I��X5 �(C 
SO67[P T $ �CB?%�A5�CQ465NI ��=DCQ4 CQ465�7[9<;R=[>6?X@B=DC E�
�6I"5�5N>��/9<Y<Y 5NI�TN9<I��A5 ��5 �<Y<5�T�CB5�K OXEZ5��<9<P�CB=D?J> 
 �<\ ��%� ��465N> ?JO

�CQP�=:>6=:> � � � PA>6K � C OAE�;�5�CQ46?6K 
0T � FSI"?6; CQ465�@BCQPX>6K(PAI"K�K<5
�J=:P�CU=V?6>�?�F/C 465 �(C PA>6K�CQ465�7:9<;�=:>6?A@B=DC"E
HI"5�K �]7V? �
5NI�TN9<I��X5 ��5 �<Y<5�T�CB5�K OXE�5��<9<P�CB=D?J> 
 � \���%� ��465N> ?JO6CQP�=:>6=:> � � � PA>6K � C OXE�CQ465 PAI"5NP�9<>6K<5NICQ465��(C�P�@�P�7D@B?�K<5�@BTNI"=:O<5�=:>�;�5�CQ46?6K 
0T ��\ 	&?ACBCB?6;�1*2�465�T�?6IBI"5�@QY ?J>6K<=:> ��TN9<I��X5�@ P F CB5NI&T�?JIUI"5�T�CB=:> �F ?JI&CQ465$��PAI"E6=:> � O 5NPA; #�O 5NPA; $X=DT $GPA>6K F ?JI&CQ465 � PAIcEJ=:> ��O 5NPA; #�O 5NPA; 7D5N>6@N\

-0.6 -0.4 -0.2 0 0.2 0.4 0.6
-0.02
-0.01

0
0.01
0.02
0.03
0.04

� �h� 5w5 � -0.1 -0.05 0 0.05 0.1
-0.01

0
0.01
0.02
0.03
0.04

� � � 5?5 �
��������� + "z.���1 � 5NI"C 9<IBO<P�CB=D?J>6@ K(965�CB? CQ465�O 5NPA; #�O 5NPA; 5 L 5�T�C K(9<I"=:> �mCQ465 7:9<;�=:>6?A@B=DC"E @UTNPA> P�C
� ������\(2�465 O<?XCBCB?J; TN9<I �A5�@�K<5�@UTNI"=:O<5 CQ465�O<5NPA;�#�O<5NPA; $X=DT $X@	� � ��� 
SO67[965 ��PA>6K ��� ��� 
HO67:P�T $ ��=:>; ;�\32�465�46= �6465�@BC!
HI"5�K�� PX>6K�CQ465�@B5�T�?J>6K�46=��J465�@BC�
 �JI"5�5N>��3TN9<I �A5�@
K<5�@BTNI"=:O<5�CQ465�I"5�7:P�CB=��A5�T�4<PA> �A5?�F*CQ465�O<5�CQP F 9<>6T�CB=D?J>6@	��
 BC PX>6K��
 B� I"5�@QY<5�T�CU= �X5�7VEA\

wmBC b � f � f�f�L+�����+R'�9� 5[�@R'�9� 5 �),a����#:� 0J&F�/�.��&),;#A�/%.�"R'� 0'�8�9#T! =��"�.�+R'���C�w=c%�0'���/,1!�0'#e� �"�
#A�.!93:0F,10i�'2�%��/� n L �-L

���.�>��%��/H@�9#�=c!��e�/�.�4�'�C#$�:��%�5?,�0.!I#$,1�$(B#"��� 0[�9� W]��X �B,�0?�'2N%.�/� n L �M56� �C�r�B�/�.�7�1%.5?,�0-u
!I#$,1�$(B#"��� 0�&.� �C�+��})�"�/��5w����(73������.3:�.��0?�/�.�ERU�<� 5,�IRU�<� 5 �),a����� 0'&i�"�.�4R'�9�95,�@R'�9�95 R'���C�
R'�9�9�:�N#�3����1�z�N#��/�.�t��!��"�/�9���"�9&i�"%.0.�7�9�/�4�C� �@��0?,10)�"!M�N����!�%�0)��L����.�4�A3�!>�/!�*?�'2N%.�/�<#:#$�.!93



� ��� 	 �����5� % ���� � �� ��� 
�	�( � � ��
 �*�� �����	��
�����������5��� � + � �' #� nA�

�92@� ,10M�/�'�9���4��!N�/�"�9���/,1!�07=c!����"�.��R'�9�95,�@R'�9�95 �-,;���4,a#`56� 0J&.� �"!��/(IL`�����e��!��"�/�9���",�!N0\=c!��	�/�.�
���'� 0�2��e! =��"�.�:R'�9� 5[�@R'�9� 5��1��0'#`!9H@���	�/�.�e��%.5w,�0.!I#$,��A(7#"��� 0B�'�N#�R'����0B��� �@��0M,�0-�/!7�N����!N%.0)�
R.%���,���,;#�0.!��:H@���"(i�"������H��90)���9�:�/�.�42N,�H@��0 ����
'��*'� �C� 5?���/���C#�L������ QUSF��5?,��"���90'���:3:�.,a�r�
!N0.�+�'0'�9����(6!NR.���9,�0'#K=c�"!�5h�/�.,a#K�1%.5?,�0�!@#$,1�A(?#"��� 0P,a#4� 2I� ,�0Gl@%.,1�/�M�8��!@#A�+�"!?�/�.�>�/�.��!��/���/,;��� �
HN� �1%.�7! =#` B� b nA� �h�Px

` B� b ��W 0.5 � ` C ��` � b n f n � f � n L � �
�4#��9���/�<��&)(B#A�.!93:0?R)(M�"�.�e��%.5?,10.!@#A,��A(>#/���90'#��9���/�.�7� � ,10)�"�����N���/,1!�0M*'!�,10)���/�.�e��5?,1�/�C� 0'���
�C� �/,1!M#A�.!93e#T�92@� ,106�/�'�9�:�/�.�4H@���/�/,a��� �'R'�9�95 #A,�b��7�9���"�.�7,�0-�/���C�����",�!�0B*'!�,10)�e���90?������,���0)�"��(
R'�75?,�0�,�5?,~b��9&+,106�/�.�;� �No !�*��/,;��#�L

-0.75-0.5-0.25 0 0.25 0.5 0.75
0

2

4

6

8

� � t � 5?5 � -0.2 -0.1 0 0.1 0.2
0

2

4

6

8

� � t � 5?5 �

-0.75-0.5-0.25 0 0.25 0.5 0.75
0

2

4

6

8

� � � 5?5 � -0.2 -0.1 0 0.1 0.2
0

2

4

6

8

� � � 5?5 �
��� � � � + "z.���1 ��9<;�=:>6?A@B=DC"E�@BTNPA>hP�C � � � ��\ � 5 F CN1m2�465m46?JI"=���?J>XCQP�7
7:9<;�=:>6?A@B=DC"E @BTNPA>�\ �
=��J4XCN12�465$�A5NI"CU=VTNP 7/7:9<;�=:>6?A@U=VC"E�@BTNPX>�\ 2�?6Y�13CQ465�7:9<;�=:>6?A@B=DC"E�K(P�CQP 
0K<?ACU@ �
PA>6KZP�O<5�7D7*TN9<I �A5 �(C!
HO67:P�T $ �CB?%�A5�C 465NI ��=DCQ4 CQ465�7:9<;�=:>6?A@B=DC"E 
 �JI"5�5N>���9<Y<Y<5NI�TN9<I��A5 ��5 �<Y<5�T�CU5�KnOXEZ5��<9<P�CB=D?J> 
 � \���%� ��465N> ?JO

�CQP�=:>6=:> � � � PA>6K � C OAE�;�5�CQ46?6K 
0T �zF I"?J; CQ465�@BC PA>6K(PAI"K�K<5
�6=[P CB=D?J>�?�F�CQ465 �(C PA>6K C 465 7:9<;�=:>6?A@U=VC"E
HI"5�K �]7D? �
5NI�TN9<I �A5 ��5 �<Y<5�T�CU5�KROXE�5���9<P�CU=V?6> 
 �<\���%� ��465N> ?JO6CQP�=:>6=:> � � � PA>6K � C OXE�CQ465 PAI"5NP�9<>6K<5NICQ465 �(C�P�@�P�7D@B?�K<5�@BTNI"=:O<5�=:>�;�5�CQ46?6K 
0T ��\ 	&?ACBCU?J;�1*2�465�T�?JIBI"5�@QY ?J>6K<=:> ��TN9<I �A5�@�P]F CU5NI T�?6IBI"5�T�CB=:> �F ?6I C 465 � PXI"EJ=:> ��O 5NPA; #�O 5NPA; $A=DT $�PA>6KGF ?6I
CQ465$� PXI"EJ=:> ��O<5NPA;�#�O<5NPA; 7V5N>6@]\

0J"'& � (��>< +#4 0ze,< k e,+ 0H+J* � O + 0 ($* 0ze,<�%�&�')($*,+.-H( 03258:<>0/< FG0/+�7?-
]^0 X ��n Z �/���:#$,1b���!9='�/�.��*.��!��/!N0B#$*'!��	,�07�/�.��W]��X �E� 0J&*� � ��%.5w,�0.!I#$,��A(:5?!N0.,��"!��C#z3����"��%'#$�<&
�"!?��!N5?*.%.�"�4�/���\��5?,��"��� 0J���4! =��/�.�=QUS{R'�9�95PL�����!�5w*'� �",;#$!N0F3:,1�/�6�/�.��!��/���/,;��� ����}-*'�9������u
�",�!�0J#4� 0'&F3:,1�/�P�"�.�M#A()0'���.�"!��/�"!�0P�1,�2��-�E#$*'!��7���<��&F�/!w�/�.��#$%'#A*.,;��,1!�0P�"�'� �4�"�.�M��5?,1�/�C� 0'���
���90+0.!N��R'��H@���"(>������%���� �"����(E!�R.�C� ,�0��9&\=c�/!N5��"�.��*��.!��"!�0B#$*'!N��,10+�"�.���1%.5?,�0�!@#$,1�A(e&)���/�<���/!N��L



nN� � ��
��	�����	�	 ���}	U� ���2	��7��� � � ��o �$�D�
	 ��	

� a�� � ` B� � a�� C ����
� ��� �No � � � L �N����5 ��n L � 0�5 �-L ���N��5 �)LYf-�

� �No � � � L �N����5 ��n L � 0�5 �-LYf W ��5 �)L V �
� �No W]��X � � L � ����5 n�W L � 0�5 �-L ���N��5 f.L W �

$ %(' ),+ "z.0-/1�2�465 5N;�=DCBCQPA>6T�5�@�?6O6CQP�=:>65�KmF I"?J; CQ465�@B=���5 ?�F CQ465 Y<46?ACB?6>Z@ Y<?AC�=:>mCQ465�7:9<;�=:>6?A@B=DC"E;�?J>6=DCB?JI"@]\
�e��H@���/�"�.���1�9#/#8x)�/���M*.�.!��"!�0s#$*'!��>#A,�b��9# � a�� �B� 0'& � a�� C 3����/�>�/�9��!N��&)�<&F&)%.�",�0.2w�/�.�M�1%.5?,�0-u
!I#$,1�$([#"��� 0'#8LM���.�BR.�/��56#/#A�/���9�.��%�0.2i!9=:�"�.�M*'!@#$,1�/�"!�0'#7���"�9� �"�9&F,�0P�"�.�M,�0-�/���C�����",�!N0F�/��2�,�!N0
,a#T���N&),;�9�/�9&F,10G�?��!N0.�M3:,��"�Q�90.2��1����3:�.,;���P&-��*'��0'&.#4!�0G�/���M#/��� �/�"���/,10.26*'� �"�/,a������� 0'&F,a#
�9*.*.�"! }-,�5�� �/����( �� L��:��W]��X ���/�.,a#����N&),;�9�/,1!�06,;#:&)���/�9���"�9&�� b � ��� f � 5�&)!93:0'#A�/�"�9� 5 R-(w�
&-���/�9�8�/!���3:,��"�S�"�9#$!N��%.�",�!N0 + b � f � 5?5Px@3:�.���/�4�"�.�7�/56#�*.�.!��"!�0G#A*U!N�4#A,�b�� � a�� �7,;#��"���;�9�/�9&
�"!M�/�.�=QUSP��5?,��"���90'���eR)(

` B� b @ B�
� �a�� � v + � v � ��� � �

� � _ @ B� � f � n L W �
]^0|��!N0)�"����#A�i�"!P�/�.�[5?!��"�?2���0.�����9�:��HN� �1%'� �",�!�0|,�0 X ��n Z x��.���/�6,��M3O��#B��#/#A%.5?�9&Q�"�'� �B�/�.�
&-,;#$*'���C#$,1!�0�x�,��C#+#A��!�*'�@x �>�@x��90'& � C HN� 0.,a#$���9�\�"�.�B,�0-�/���C�����",�!�0P*'!N,�0-��L6���.�w#$![!�R.�C� ,�0��9&
��5?,��"��� 0J���9#��9�/�7#A��� �"�9&i,10?���9R.��� � n L � � L������9#$�4��5?,��"��� 0J���:�9#$�",�56�9�/�9#	#$%.*.*'!N�/�e�/�.�7�8!�0'���1%)u
#A,�!N0i�"�'� ���/�.�e���9�/,�!=` BC ��` B� �'��#�R'����0B�/�9&)%J���9&+,�0B�/��� � ��o !�*��/,;��#��"!M�7#/�9�/,a#�=y���8�/!��"(?�95?!�%�0)�
�90'&?�/�'�9�T�"�.�7�;�9�/2��7HN� �1%.�4=c!��c` B� !�R.�C� ,�0��9&i=c�/!�5��"�.�4�'��#A�:��%.5?,10.!@#A,��A(B#/��� 0P�9�'� � ,;#:&-%.�
�"!Q�P�;�9�/2N�F���"�/!��B! =>�"�.�[��!��"�/�9#A*U!N0'&),10.2Q*.�"!��/!N0q3:,��"�P#/��� 0.0.���?&.�9���-L�����,;#?�9����!93e#M�/�.�
�8!�0'���1%'#$,1!�06�/�J� �4�"�.�7�.!��",�b�!N0)�C� �_�����9�8�/�/!N06��5?,��"���90'���e,;#:�/�9&)%J���9&?�/!w�i#"� �",;#�=y�N���/!N�/([H��9��%.�
R-(B�/�.�>#$�"�/!N0.2����:=c!-��%'#A,�0.2B! =m� ��o ��� �"�.���:�"�'� 0[�/�.�>#$�C� 0'&�� ��&[��� o *'���ej�� �\� �����1�^L

3jH��U%�#�	�^:��N*nh89��%&��$ pG��� *.*��/�9��,a� �"�Q�/�.���.����* !9= e L4��,���������x2?`L4pG�9#A!���!93e# �),yx+�90'&

7LU�e0 �@��0S3:��!i�"!@! �6�/�.�>&.�9���M! =	�/�.�7�1%.5?,�0�!@#$,1�A(B#/���90'#�L



n�n

� � �4
M���[��� � � B�[� �Q� �4
 � ������
>�X���e
\���z�� �" 
 � � 
���� � 

� � �" � 
\���.�.� � � � � �9�e�

B^DC9{H�F/<�RS\%ab?A}_<�rA?]pEd/9,egf JMRScKB�`�UTs

�4�9�/�@� � ���@�)x e ��(@L ��n xS�<� 5��/! e ��(@L ��n x.fN*.5PxU�'!N2�R'!@! ��� �����7]"]/]�x@*�L ���NV � ��nA�
�4�9�/�@� � ���@�)xE�T%�2.L � �@x ��� *.5��/![�T%.2�L ��V x n *.5PxU�'!N2�R'!@! ���>���Mx)*�L.fI���m���

]^0>!���&-�����/!E�/�9�N�r�>�/�.�,Q
	B�.!��",�b�!N0)�C� �-��5?,��"���90'����! = � f ���*� � 9���C��&+5 =c!��
�"�.�4�1%.5?,�0�!@#$,1�A(+%.*.2N���N&)�@x.R'�9#$,a&)�7�90S,10'���"�9��#A�4! =	�/�.�E*.�'��#A�>��&)HN� 0J���7,�0
�"�.�7j�� �\���������;#`=c�"!�5��@��"! � � &)��2N�/���<#�x),1�:,;#�*.�;�90.0.�9&?�/!M!N*'�����9�/�7�/�.�
5������.,�0.��3:,1�/�M� 
TjS=c�"�9lm%���0'��(4!9��#$����! =��9RU!N%.� � �@� �eb � �8!��/�"�9#$*'!N0'&),�0�2�"!>� 0M��0.���/2�(>! ��#$����!9=zu �)L � � � L�����,;#�5?�9�90'# �"�'� ���"�.�:�.!��",�b�!N0)�C� �'�8��!@#A�9&
!N�/R.,1�:3:,��1�zR'�+0.!N0)uyb����/!MR-(6&)�<#$,�2N0�L
�����elm%.�<#$�/,1!�0�� �/!I#$�e3:�.,;���+3:,1���-R'�:�/�.��,�5?*'�N����! = #$%'���M�90i!9��#$����!N0M�/�.�
R'�9�95 *'!��;�9�/,1b9� �",�!�0�L e �����.,�0.�B#A�/%'&-,��9#7� ,15?,�0�2?�/![��})*���!��"�M�/�.,a#4�/!�*�,;��#
3����/�t��� �"�/,��<&�!N%.�e!�0 e ��(@x ��n � 0'&?!N0/�T%.2N%'#$��x n �-L

& "$! i *�0g7?+ fc&,FG0/(I+ *
���.�E��!-&)���m]$�:j X � f Z 3:�N#�5?!-&),v�J�9&+,�0M!N��&)�����"!+#A,�5B%.�;�9�/���/�.�'
ej{!9��#$����R-(M�\5w!�5?��0-�/%�5
!9��#A����R)(>�/�9l@%.,1�/,�0�2T�"�.�e�<u�&),�5w��0'#$,1!�0'�9�.�8��!@#A�9&+!��"R.,����"!7#/�9�/,;#^=c(M�/�.�e�N&.&),1�/,�!N0'� �J��!�0'&-,��/,1!�0'#���

� b /��
��� � + � � � / � � b � a ���� � � f�L � �
���.� � ��,10.�9�9� � *'!��;�9�/,1b9� �",�!�0���� �a��%.�;�9�/,1!�0'#�#$��! 3 0.�9�9�/�1(M0.!M�����9������H@��0B,�0B*.�"�9#$��0J���T!9=��"�9� �~u
,a#$�/,a�K!N�/R.,1�:&),a#$�"!��/�",�!N0'#�x-3:�.���/�<��#��"�.�40.!N0?��,10.�9�9�:���9�;��%.�a� �",�!�0J#�3:,1�/�1�m]$��
T�7� X � f Z #A�.!93 �
&)�C� 56�9�/,a�4&)�/!N*6! =�*'!��a� �",�b9�9�/,�!N0 � #$���T�J2�%.�"�+f.L � � � � �90'& � R � � L

0

10

20

30

40

50

60

70

80

90

62 62.2 62.4 62.6 62.8 63

P
 (

%
)

a*gamma

SITROS - rev32, seed 51, dp/p=0.0

Non linear
errorbars

Linear
Linear-SIT

0

10

20

30

40

50

60

70

80

90

62 62.2 62.4 62.6 62.8 63

P
 (

%
)

a*gamma

SITROS - rev32, seed 51, dp/p=-0.1%

Non linear
errorbars

Linear
Linear-SIT

����� �����
��� � � � + �*.0-�1�� ?A7:PAIc= �NP CB=D?J>�
07D=:>65NPAI8PX>6Kn>6?6>

�
7V=:>65NPAI TNP�7DTN967:P�CB=D?J>�� �6@N\���� F ?6I�PG7:9<;�=:>6?A@B=DC"E 9<Y

�
�JIBP�K<5�K<=D@BCU?JI"CB5�K�?JY6CU=VT�@�
HP%� ��=DCQ46?696C � ��@Q46=MFHCWPA>6K 
SO��
=:>ZY<I"5�@B5N>6T�5 ?�F P

�
�<\��� 5N>65NI �XE�5NIBIc?JI�\



n f � �o�
��	

�D���o�����O� � ��� �#� �����*�#�8	 �*�2�
	d��� 	�� ��� ��o�� � ��o �$�D�
	 ��	

��!P���a� �",v=c(P�/���6lm%J� 0-�/,��C� �",�H@���1(F�;�9�/2N�6&),;#"� 2N�/����5w��0)�ERU���$3�����0G��,10.�9� ��� 0'&G0.!�0)uy��,10.�9�9�
��� �;�8%.�;�9�/,�!N0'#�x��i&-,��/�<����5?�<��#$%��/��5?��0)��!9=��"�.�7�����9���:3O��#e#$%.,1��� R����@L

�4����!��C&),�0.2>�/!B�/�.�7�"���;�9�/,�!N0
� �
� b ^ �� ^ �^ �� v ^ �

� ���������� � f�L � �
�"�.�;
ejk=c�"�9l@%.��0'��(�#$�.,~=c�T*.�"!-&)%'���<#4� �a#$!6�?#A�.,v=c�e! =��/�.�>��0.���"2�(@Lej.!�� � ���	� b � �@� �Tb@x'�/�.�
��0.���/2N(M���'� 0�2��9#�R-(\u � � e �U��=c!����/�.�e�@� oT� �@� o !N*.�/,a��# � ^ �� b � fA�T�-L � � x.�90'&MR)(7u � � e �T��=c!N�
�"�.�7� ��oT� � ��o !�0.� � ^ �� b ��WNn�� L V � L�@%'���w�r�'�90.2��<#�3�!N%.�;&B�'��H@�4�+�a� �/2N�4,�5w*'�����	!�0?�"�.�4R'�9� 5
*'!N�;� �",�b9�9�/,1!�0�L>���.���"��=c!��"�@xU=c!�� �@����*.,10.2i�"�.�M��0.���/2�(���!�0J#$���90)��x��/�.�M56�9,�0[&),1*U!N���M5B%'#$�eR'�
�"���/%�0.�9&iR-(6� 0�� 5?!N%.0-��2�,1H@��06R)(

� ��
 b ^ �� ��
 � � �������� f � f�L n �
���.�B5?�9�N#$%.�"��5?��0-�"#K3����/�B&-!�0.�B3:,��"�.!�%.�7*.�"!��"!�0QR'�9�95PLB]��E,;# �)0�! 3:0�x ,10'&)���<&zx��/�'�9�

%�0'&)���eR'�9� 5iuyR'�9� 5���!�0J&),��",�!�0J#T*'!��;�9�/,1b9� �",�!�0P,a#KH@���/([#$��0J#$,��",�H@�7�/!w��0.���"2�([� 0'&P�/%�0.�9#�L7]^�
,a#���, �@����(+�"�'� ��%.0'&)������%�5?,�0.!I#$,1�$(���!�0J&),��",�!�0J#�� 0���&.&),1�/,1!�0'�9����5?*.,1�/,;��� ��&),�*'!��1�4�8%.�/�"��0)��!�*)u
�",�5?,1b9� �",�!N043�!N%.�;&7�'��H@��R'����0M0.���9&)�9&zL e !N�/��!9H@���_�N#`��!N0.27��#��"�.��R'�9�956#`�9�/�O#$(-0'�r���/!�0�,�b��9&
,1��,a#�0.!��e*'!@#/#A,�R.�1�+�"!B�r�'�90.2��7�"�.�8
Tj�=c�/�<lm%.��0'��(BR)(?�a� �"2��>� 5?!N%.0-��#�L

& "cb � Cd2 ')< C -?& 7?<�'E<�*�0/-
����� e ��(G5?�9�N#$%.�"��5?��0-��#T3����/�w*U���$=c!��"5?�9&Q�9�M�/�.�6��0J&�! =>�F�1%.5?,10.!@#A,��A(F�"%.0�R)(Q%J#$,�0�2
�"�.�F%J#$%'�9�7��� o � ��� o �1%.5?,�0�!@#$,1�A(�!N*.�/,a��#�L����.�G#A���9�/�/,10.2Q*'!��a� �",�b9�9�/,�!N0q%.0'&)���?��%.5w,�0.!I#$,��A(
�8!�0'&),1�/,1!�0'#�3:�N#:� �"!�%.0'&w� n �wL��K=c�"����&)%.5?*.,10.27�/�.�e*.�"!��/!N06RU�<� 5 � � ��� � �@�)x.*'!��a� �",�b9�9�/,�!N0
3O��#_�����<� �/�1(T,10'���"�9��#A,�0.2	�<=c�"!�5 �'2�%��/��f�L � !�0.�����90M�9�/2�%����/�J� �_�/�.�O��#$(-5?*.�"!��",;�`*'!��a� �",�b9�9�/,�!N0
3�!�%.�a&S�'��H@�>RU����0P�9�/!�%�0'&P���@����N#4�/�.�>5?�9��#A%.�/��5?��0@��3�!�%.�a&S�C� �@�M�90)(-3:��([#$!N5?�7�.!�%���#
�90'&M3��:3����/�:��}-*'�9���/,10.24�"!\!NR'#$���/H@�e�4�;�9�/2��:�8�z�<����! =��/�.� 
ejP#$�.,~=c��x�3��4&),a&+0.!���3O� ,��	%.0)�",��
*'!N�;� �",�b9�9�/,1!�06�/�9�N�r���9&?,���#:�N#$(-5?*.�"!��/,a�THN� �1%.�@L

�4#�,10'&),a��� �"�9&iR-(�'2N%.�/�7f�L n �/���\�8�z�<����!9=��/�.�E*.�/!N�/!�0�&)%.5?*w3�!�%��;&?!9H@���/�a� *?3:,1�/�6�/�.�

ej�#/���906�����9����=c!��:�"�.�4�'��#A�T��!�%.��L

  0

 20

 40

 60

 80

100

0 2 4 6 8 10 12 14 16 18 20 22 24
  0

 20

 40

 60

 80

100

 HERMES on Saturday May 13 2000
Average of Longitudinal Single Bunch Polarisation [%]

Time [h]

Colliding
Non Colliding

� ������� + �*./.z1 �m5NP�@ 9<I"5�K�� ?A7:PAI"=��NP�CB=D?J> �J@]\<CB=:;�5A\
���.� 
ej =c�/�9l@%.��0J��(F!9��#A���+3O��#7,�0'���"�9��#A�9&P,�0s#$�/��*'#\%.*G�/!����@�/�Tb@L?]^�73:�N#\*.�a� 0.0��9&

�"!6���'� 0.2N�i�"�.�B&),1*U!N���B��%��/�/��0)�4,10P�/�"���B#$�"��*'# ��� �)LYfI�{��� �/!N%.0'&P�/�.�B��,10.�9�9�/��([��!N5?*.%.�"�9&
HN�9��%.� � �/!t������!N%.0-� =c!N���T*'!@#"#$,�R����:%.0'�8���/�C� ,�0-�A(4,�0>�/�9#A�/!N�/,�0�24�/�.��R'�9� 5 ��0.���"2�(@L_]^0+*.�C�����",;���
=c!N�T�<������
TjQ=c�/�9l@%.��0'�8(6#$�"��*�x'!�0.�1(F�/���+��!93����T!9=��/�.�>�/�/���M&),1*U!N����#$�/��*'#T3:�N#T*'���$=c!N�/5?�<&zL
�����\�"�9#$%�����#:�9�/�>l@%.!��"�9&?,�06���9R.���7f.L � L



� ��� � ��� � �"���:����� �� "�#�:�!
� � n �

0

10

20

30

40

50

60

70

0 1 2 3 4 5

t [h]

P[%]

��� � � � + �*.#"z1 � ?A7:PAI"=��NP�CB=D?J> �6@N\�CB=:;�5�� P�; P�T�46=:>65 T 4<PX> �A5�P]FHCB5NI$�<\��G46?J9<I"@�7D5NP�K<@ F I"?J; ���� �CB?
�%�� Y<?X7[PXI"=��NP�CB=D?J> 
0@B=:;�967:P�CB=D?J>���\

$&%(' ):+ � .0-/1 � P]E�;�5NP�@ 9<I"5N;�5N>XCB@
� � ����� � �Tb � # �?� � � � � y � ��
 y � � � ����� � <e�T� � & � ( � 5?5 � 	 � � ���� � ��V �@� u �)L � � � �)L f W�W � �@L � VNV u �-L � f ( ���
��� �'��� � �@� u �)L � fNf � L nA��V � �@L ���N� u �-L n � ���
��n � n�n � �@� u �)L ��� n f.L � ��� � �@L � � f u �-LYf V ���
��n �'��� f��@� u �)L ��� � �)L V � W � �@L � � � u �-L � W ���
� fN�.f�f ���@� u �)L � fo� V L � ��� � �@L � n � u �-L W � � n

& "10 
:&��J&,-g0 ')< C -?& 7?<�'E<�*�0/-

]^0{�T%�2�%'#A��x'&)%.�",�0.2w&)�9&-,;���9�/�9&i5������.,�0.�E#$�"%'&),1�9#�x-,��:3:�N#�*'!@#/#A,�R.�1�7�/!B�9#$�C� R.�1,;#$�[�,� ��oT� � �No
#A*.,�0[56� �C�r�.�<&��1%.5?,10.!@#A,��A(i�"�9#$�E!�*.�",;��#8L��4���8!���&-,�0.2B�/!?�"�.�M#A,�5B%.�;�9�/,1!�0'#��"�9#$%.�1��# X � � Z x'�/�.�
���1!@#A�9&{!N�/R.,1�+3O��#+�8!��/�"�9���"�9&�&-! 3:0s�/! � �  ]� ! �  ]� �-L W 5?5 �zR)(P!N*.�/,15?,�b�,�0.2?��0.���/2N(
�90'&?�'� �"5?!�0.,a�KR�%.5?*'#�3:��#�*'!I#/#$,1R.���7�"!M�/�9�N�r�[� R'!N%.�e���@� R'�9�95 *'!N�;� �",�b9�9�/,1!�063:,��"�.,�0 � f
�.!N%.��# � #A���4�'2�%��/�7f.L f � L:��� �"����x.!N0F�"�.� n � �"��x'�/�.�7�����9���:!9=��"�.�8
Tj�#A�.,v=c�:!N0F*'!��a� �/,1b9� �",�!N0
3O��#�5?�9�N#$%.�"�9&zL

  0
 10
 20
 30
 40
 50
 60
 70

12 14 16 18 20 22 0 2 4 6 8 10 12 14 16 18 20 22 24 2 4 6 8 10 12
  0
 10
 20
 30
 40
 50
 60
 70

 HERMES 
Polarisation [%]

Time [h]

Sun Aug 27 12:00 2000 Tue Aug 29 12:00 2000

Transverse
Longitudinal

��� � � � + � .��*1 � ?X7[PXI"=��NP�CB=D?J>GK(9<I"=:> � ?JY6CU=[;R= �NP CB=D?J> 
05N>65NI �AE�PA>6KZ4<PAIU;�?J>6=DT8O<9<; Y6@�@BTNPX>���\ ?�F*CQ465>65 � ��� o � ��� o @QY6=:>m; P�CUT 465�K�?JY6CU=VT�@

���.�?�"�9#$%�����#7�9�/�6l@%.!��"�9&P,�0Q�C� R.�1�if�L � L[]^0��"�.�?R'��2N,�0.0.,10.2F!9=e�/�.�B5?�9�N#$%.�"��5?��0-�e�/�.�
,109D/�9���",�!�0E�/%.0.�<#z3����"� �@��*.��R)(45w,;#$�C� �@�@L����.,a#z,;#z3:�-(4�/�.��*'!��a� �",�b9�9�/,�!N07H��9��%.�<#U=c!�� � ����� b �
�90'& � �@�,�eb4�9�/�45?,a#/#A�9&zL_���.,;#��/,15?�@x =c!N���/���4�/�9�N#$!N0S��})*.�a� ,10.�9&B� R'!9H@�@xm=c!N���9�N�r�{
ejG#$�/��*
�M#A56� �1�z��0.���/2�(�#/���90S3O��#:*'���$=c!N�/5?�9&�L



n � � �o�
��	

�D���o�����O� � ��� �#� �����*�#�8	 �*�2�
	d��� 	�� ��� ��o�� � ��o �$�D�
	 ��	

$&%('*),+ �*./.z1 �W9 �696@BC�;�5NP�@ 9<I"5N;�5N>XCB@
� � ���	� � �eb � # � � � � � � y � ��
 y � � � � � � � <e�T� � & � ( � 5w5 � 	 � � �W � ��W � ��� u �-L ��� n f�L � � u u �)L ��W � V L � � �-L �
W �J� � � ��� u �-L ��� n f�L � � u u �)L n � � � L � � �-L �
V ����� n ��� u �-L ��� � �-LYf@� � �IL � �o� u �)L f n � � L � � �)L �V � n�� n ��� u �-L ��� � �-L VA� � �IL � � f u �)L f n � � L � � �)L �
V �J� f n ��� u �-L ���NW �@L � �o� � �IL � � � u �)L ��� � � L n � �)L �� �9� n�n n ��� u �-L ���NW W L ��� � � �IL � �NV u �)L ��� ���-L � � �)L ���� � ��� f���� u �-L � fo� W L �9��� � �IL � nN� u �)L ��� ���-L � � �)L ���� � n�n f���� u �-L � fo� V L ��� � � �IL � n f u �)L ��� � V L � � �)L ���� � ��� f���� u �-L � fo� V L ����� � �IL � n � u �)L ��� � V L � � �)L ���� � ��W ����� u �-L ��WNn ��� L ����� � �IL � f � u �)L �T� � W LYf � �)L ���� �'� W ����� u �-L ��WNn ��� L � � � u u �)L � � � W L n � �)L ���n � n � ����� u �-L ��WNn ��� L V ��� � �IL � fI� u �)L � � � W L � � �)L �

& "'& (B+J*,F � &,-/(I+ *,-
e ��(s� 0'&I�T%�2�%'#A�M5?�9��#A%.�/��5?��0@��#eRU!N�/� �����9�9�/�1(P,�0'&),a��� �"�i�"�'� �M�"�.�?�����9�8�+! =t�/
ej =c�/��u
l@%.��0J��(>#$�.,~=c��,a#`0.!N���N#��a� �/2N�e��#���})*'�9�8�/�9&7,�0w��!�0'#A�9l@%.��0'���:!9=��"�.�:0.!�0-u^�1,�0.�9�9����� �a��%.�;�9�/,1!�0'#
�90'&M�/�'�9��!�*'���C� �",�0.2>�/�.�e56�����.,10.��3:,1�/�w� 
ejF=c�/�9l@%.��0'�8(+! ��#A���:#A�.!�%.�a&R'�40�!����\*.�"!�R.�1��5
=c!N�:*'!��;�9�/,1b9� �",�!�0�L



n �

� � �4
M���[��� � � B���9� �����4
=� � � �J�T����� � ���4�����P� 
�� � ���8�	
����


\� � 	�
 ���)�
BEDGjkHmlkUT<_\�nS?oU RS\�:G9{HqF <_RS\%ab?o}_<_ro?SpEd/9,e)f J1RSc Bq`�UTs

�4�9�/�@� � ���@�)x e ��(@L V x � *�5 �/! e ��(@L V x ��� *�5Pxz�'!�2NRU!@! ���������t]/]/]�x�*�L � ��� � �@� �

�e0G�/�.� V �/� e �<(P��H@��0.,�0�2.x��9�+�/���?��0'&P! =E�6��%.5?,10.!@#A,��A(6�/%.0 � � B  ��n5 � � x:�/��� �1,v=c���",�5B�P! =6�"�.�9QUSdRU�<� 5 H@���C#$%'#/
ej H@!��1��� 2N�Q�'�N#{R'����0
5w�9��#A%.�/�9&�LQj.!��M*'!��a� �",�b9�9�/,�!N0�!N*U����� �",�!N0���!93 R'�����9�/�/!N0q�90'&�#A()0'���.�"! u
�"�/!N0?�/%.0��9#��9�/�7��!N0)H@��0.,���0-� �N%'#$%'�9���1(M3��7#A�����"�.�4���<H-,��A(MH@!N�����92��E#$!M�"�'� �� ] b � f �<� �w�Tb@L7�����B� ,�5h! =��/���M5?�9��#A%.�/��5?��0-��3:�N#4�/!?�'0'&F!N%.�7�.!93
5B%'���63��B���90P��!93����E�/�.�[
ej�H@!��1��� 2N�MR'��=c!��"�i�"�.� Q S R'�9� 5 �1,v=c���",�5B�4,;#
�"�9&)%'�8�9&�#A,�2�0�,v�����90)�"��(@L X4#$%J� ���1(��/�.�PR'�9�95 ��,~=c���/,15?�@x��1,�5?,1�/�9&�R-(��/�.�
#"��� �"�/���",�0.2M3:,1�/�6�/���\�"�9#$,a&)%'�9��2@��#8xU,a#:� R'!�%�� ��� ��� � � �M5{�+L

���.�?5w�9��#A%.�/�9&P��,~=c���/,15?� � ��%.�"�/��0-�+�1%.5?,�0�!@#$,1�A(S�'�1�i3:,1�/� � �  ] b � f � 5w5Px��F�A()*�,;���9�
HN� �1%.�\=c!N�T�1%.5?,10.!@#A,��A(i!N*'�����9�/,�!N0 � H�#�L]
Tj�H@!��1��� 2N�+,a#T#A�.!93:0P,�0S�J2�%.�"�B�)L � �/!N2����"�.���43:,1�/�
�"�.�>lm%'�90)�"%.5 �1,v=c���",�5?�O��!�5?*�%.�/�9&B3:,��/�.?�����
T�7� � ,a&)�9�9�z56�N�r�.,10.� � L

0

5

10

15

20

105 110 115 120 125

ta
u 

[h
]

Voltage [MV]

Lifetime vs. Voltage

Measurement (xrms=1.1 mm)
Petros
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Voltage [MV]

Synchrotron frequency vs. Voltage

Measurement (xrms=1.1 mm)
Petros
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Voltage [MV]

Lifetime vs. Voltage

Measurement (xrms=1.9 mm)
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